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Introduction.

The material for this work was obtained during an expedi-

tion to the swamps of the Paraguayan Chaco, undertaken
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primarily for this purpose. The spot where the Lepidosirens

were collected was a station of the South American Missiouary

Society called Naktetingma, about ninety miles west of

Villa Concepcion, and about a league from the spot which

Prof. Graham Kerr made his headquarters while collecting

his material for working out the embryology of this fish. It

is to him that I owe the whole idea of making this expedition.

The expenses of the expedition were defrayed by the

Government Grant Committee of the Royal Society and by

the managers of the Balfour Fund of the University of

of Cambridge, to both of which bodies I should like to take

this opportunity of conveying my thanks. I should also like

to acknowledge my indebtedness to the South American

Missionary Society for the help they so cordially gave me,

and especially to the little band of missionaries at Nakte-

tiugma, who most generously provided me with horses,

waggons, bullocks and a home during the whole of my stay

in the Chaco, and more important still, procured Indian

hunters for me, and, in fact, ensured the success of the

expedition.

I arrived in the Chaco in September, 1907, at the end of

an unusually prolonged dry season. As is well known,

Lepidosiren burrows into the mud at the bottom of the swamps

when these dry up, and remains there in a torpid condition

till the next rainy season sets in—normally a period of about

six months. The years 1906 and 1907 were, however,

unusually dry ones in the Chaco, and I was informed by the

missionaries that for more than a year before my arrival

there had not been enough water in the swamps to bring out

the Lepidosirens—or, at any rate, to keep them out long

enough to allow them to breed. Rain began to fall soon after

I arrived, and by the middle of October the Lepidosirens were

swimming about in the swamps. Directly they leave their

burrows for the water the males start growing their peculiar

vascular filaments on the pelvic fin, a sign that they are

about to breed, and about the beginning of November their

nests, containing eggs, began to appear in the swamps. I
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started preserving testes directly I arrived, and continued

doing so till February of the following year, and so got a

series from the torpid dry season state through all the stages

of preparation for breeding to a stage some months past the

season for spawning. Although spermatogenesis seems to

proceed all the year round, still the relative frequency of the

different stages differs greatly iu testes from the various

seasons. The breeding habits and methods of hunting

Lepidosireu have been described by Professor Graham
Kerr.

The reason for wishing to obtain material for working out

the spermatogenesis of Lepidosiren was that this form has

nuclei of very great size, and in the somatic cells (as deter-

mined in Professor Graham Kerr’s embryological material)

the chromosomes are beautifully clear and show very pro-

nounced size differences. In the course of this work most

attention has been paid to the method by which the numerical

reduction of the chromosomes takes place—owing to its

importance in connecting our experimental knowledge of here-

dity with the structure and history of the germ-cells. What-
ever may be the final outcome of the present controversy about

the relative functions of the nucleus and cytoplasm in here-

dity, it is well established that many classes of characters are

distributed alternatively to the gametes, and the only part of

the hereditary substance which is visibly distributed in a like

manner are the chromosomes, which are undoubtedly so dis-

tributed if there has been a previous pairing of correspond-

ing or “ homologous ” ones. The observations bearing on

this pairing or conjugation being at present so variously

interpreted, it becomes of great interest to examine the stages

in question in a form such as Lepidosiren, which besides

having cytological elements of great size and distinctness, is

undoubtedly closely related to the Amphibia, which also, on

account of their large histological features, have been so much
worked at, and have (though a single group) furnished

different workers with every conceivable answer to the reduc-

tion problem.
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Methods.

All the observations were made on testes fixed either with

Flemming (strong formula) or corrosive-acetic. For more

than a year I used ordinary paraffin sections, mostly 10 ji in

thickness, and mostly stained with Heidenhain’s iron-alum

hematoxylin and eosin. Then the whole was worked through

again with celloidin sections, 35-40 jj. in thickness, which are

thick enough to contain whole nuclei, untouched by the

razor. In order to reduce to a minimum the possibility of a

disarrangement of the chromatin by the processes of cutting

and mounting the sections, in the great majority of cases

these sections were mounted without dissolving out the

celloidin. In most cases the tissue was stained in bulk with

Ehrlich's hsematoxylin before embedding, though it is

possible to stain the sections after cutting. Unless the

celloidin is dissolved away, however, the latter method has

the disadvantage of diminishing the transparency of the

sections owing to the celloidin taking up some of the stain.

The sections were mounted between two coverslips instead of

between a slide and a coverslip, so as to allow of the nuclei

being examined from both sides. The optical apparatus

employed was largely Zeiss' stereoscopic eyepiece, generally

used in conjunction with an oil-immersion objective. This

method is one which I found of the utmost value. Firstly,

one can be certain that all the chromosomes are present and

in their natural positions. Secondly, the nucleus can be

examined and drawn from both sides and the chromosomes

identified in the two drawings. In this way it is often

possible to analyse a clump of chromosomes which otherwise

could not have been separated, and the danger of overlooking

a chromosome which is overlaid by another is removed. This

is specially valuable in a form like Lepidosiren, where the

chromosomes are large and rather numerous. The two views

of the same nucleus obtained in this way are shown in PI. 4,

fig. 26, which illustrates the value of the method. Thirdly, the

stereoscopic eyepiece is an immense help (as a supplement to
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eyepieces of a higher power) in unravelling a complicated

spireme or a nucleus full of chromosomes.

The Number of Chromosomes.

The somatic number of chromosomes is thirty-eight. Both

this and the reduced number, nineteen, have been counted

over and over again in the meiotic nuclei. Murray gave the

somatic number as probably thirty-six, which is as near the

right number as could be expected to be arrived at from the

somatic mitoses with their long chromosomes.

The Germinal Epithelium.

The testes are composed of numerous convoluted tubules

which in a transverse section appear cut through in every

direction. These tubules are lined with the germinal

epithelium, which, in an adult breeding Lepidosiren, consists

of spermatogonia of all orders, spermatocytes and spermatids,

mixed up together with very little arrangement. There is no

definite layering of the cells of the successive generations,

but on the whole those of the later orders are nearer the

lumen of the tubules than those of the earlier ones. Still, it

is impossible in most cases to say from its position in the

germinal epithelium to what generation a given cell belongs.

Also all the tubules throughout the whole length of any testis

present the same stages. Nevertheless the seriation has not

been a matter of much difficulty. The testis tubules branch

and wind about in an extremely complicated way, and at the

blind end of the branches one always finds a solid, though

generally very small, mass of spermatogonia. I also got one

immature male, just after the beginning of the rainy season

but before the fish had come out of the ground, in which the

testis consists almost entirely of spermatogonia with very few

primary spermatocytes and one fully formed spermatozoon to

every score or two of sections. Another useful specimen was

an adult male preserved at the same season in which the testes
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consist largely of spermatogonia of the earlier generations,

arranged in many tubules as a definite lining epithelium.

With the help of these three specimens, and of the little

clumps of spermatogonia at the blind ends of the testis

tubules of breeding males, it was easy to learn to recognise,

both in the “ resting” and dividing states, the different cells

of which the germinal epithelium is composed. The nuclei of

these cells bear a close resemblance to those found in the

salamander. Meves’ description of the different generations

of cells in the testis of this animal could be applied closely to

Lepidosiren.

The spermatogonia are often divided into two classes

—

primary and secondary—but it is doubtful whether such a

sharp distinction can be drawn in Lepidosiren. It is safer

to speak of earlier and later generations of spermatogonia.

Among the earlier generations are found many nuclei

corresponding exactly with those described as primary

spermatogonia by Meves. The chromatin in these, as in all

the spermatogonia, is in the form of large irregular blocks

connected by finer strands. What is particularly character-

istic about these primary spermatogonia, however, is, that the

chromatin is often obscured or almost entirely concealed by

a diffusely staining substance filling the whole nucleus (PL 1,

fig. 1). Meves notes this as a characteristic of the primary

spermatogonia of the salamander, and considers that the sub-

stance is a precipitate produced by the action of the fixative,

since it is not found in the nuclei of the same cells in the

centre of the sections. The impression gained from a study

of Lepidosiren is, that the substance is most dense in nuclei

which are undergoing a prolonged rest, and least abundant

or altogether absent in those in a period of active multiplica-

tion. At any rate, as soon as the prophase has definitely set

in the nuclei are quite clear except for the sharply defined

chromatin.

The nuclei of these earlier generations of spermatogonia

are frequently polymorphic—a characteristic of this class of

nucleus in many animals. PI. 1, fig. 1 shows a moderately
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lobed nucleus. Sometimes appearances strongly suggestive of

amitosis are observed, but I liave never seen any sign of

accompanying cell division, and I have little doubt that

direct division does not occur. In the cleaving egg of

Lepidosiren the nuclei of the blastomeres are often strongly

lobed, but when the prophase sets in these lobes are drawn in

and the nucleus becomes more and more spherical in outline.

Although I have not seen this occurring in the case of the

polymorphic spermatogonia (probably because the rounding

off takes place before the prophasic changes are apparent), it

seems most probable that this happens also in the case of

these nuclei. The polymorphic nuclei are always especially

rich in the diffuse substance already mentioned. The later

generations of spermatogonia differ from the earlier ones

chiefly in size, both of nucleus and cell-body. At a certain

stage in its life-history the spermatogonium seems to pass

into a period of more rapid division, and it is this rather ill-

defined point that may be taken as separating the primary

from the secondary spermatogonia. In consequence of the

successive rapid divisions the size of the nucleus decreases

from about 30 g to about 17 /* or less in diameter. Fig. 2

shows a nucleus belonging to this latter period. Its structure

is the same as before, but there is none of the darkly staining

ground substance shown in PI. 1, fig. 1. I.have never found

one of these smaller nuclei polymorphic.

Although it should logically come at this point, it will be

best to delay the description of the spermatogonial mitoses

till after the meiotic (maturation) divisions have been des-

cribed, as this will bring out more clearly the significant

differences between the meiotic and pre-meiotic prophases.

The last generation of small spermatogonia gives rise to

the primary spermatocytes, which increase during the

growth period till they are larger than the largest spermato-

gonium, being frequently over 30 in diameter at the time

that they are preparing to enter the meiotic prophase. The

resting nucleus of the primary spermatocyte at the end of

the growth period has a very characteristic structure, very
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distinct from that of the spermatogonia. The chromatin is in

the form of an extremely fine meshwork, without any large

blocks at all (PI. 1, fig. 8). There is a single large nucleolus

(not visible in fig. 8, but shown in fig. 9), which is very

characteristic of this stage.

The Meiotic (Maturation) Divisions.

Nomenclature.—For the various stages of the prophase

I have used the nomenclature now generally adopted, based

on that proposed by von Winiwarter in his work on mam-
malian oogenesis. The stages run: leptonema, zygo-

nema, pachynema, strepsinema or diplonema
(adjectives leptotene, zygotene, etc.), and diakinesis.

In pachynema the chromatin threads are arrauged in the

characteristic bouquet grouping. The one-sided contraction

of the chromatin may occur at any of the above stages—in

Lepidosiren it begins in the sirepsitene stage. In order to

avoid the confusion caused by the word “ synapsis,” I have

here employed Mr. Clung’s term synizesis for the visible

clumping together of the chromatin, and Hacker’s word

syndesis for the conjugation of the chromosomes.

The most important stages in the maturation divisions are

shown in the text-figure.

First Meiotic Division.—The first indication of the

approaching mitosis is that the dense reticulum of the resting

primary spermatocyte gradually gives way to a condition in

which certain principal threads can be recognised and followed

for a considerable distance, and this gradually changes into

the leptotene stage in which all the chromatin is in the form

of very long fine threads, which twist about and cross one

another in a most complicated way. A nucleus in this stage

is shown in PI. 1, fig. 9. The fine threads are so numerous

and involved that, in order to avoid confusion, I have only

figured those threads which lie immediately below the nuclear

membrane in one hemisphere. In reality the whole volume

of the nucleus is filled with the tangle of threads. It should



Text-fig.

a
Resting Spermatocyte I.

B
Leptonema.

Bivalent rings breaking
up into their constituents.

L
Metaphase II.

H
Disappearance of
Nuclear membrane.
Somatic number of

transversely constricted
univalents.

K
Anaphase I.

Spindles rotating for the
second division.

Text—Fig. General Scheme of

Male Lepidosiren.

d
Zygo-pacbynema.

I

Second pairing of the
chromosomes.

J

Second pairing complete.
Detinitive bivalents being
placed on the spindle.

MEIOSIS IN THE
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be specially noticed that at present there is no parallelism of

threads beyond what is certainly accountable for by pure

accident.

The next advance is that at one spot of the nucleus (the

“pole”) these threads become arranged in a parallel manner
for a short part of their course, and then they immediately

begin to fuse together in pairs. This is, of course, the

beginning of the zygotene stage, the interpretation of which

has been the matter of so much controversy. As is well

known, one set of workers maintains that each member of

the pairs of fusing threads is a complete chromosome, and

that the stage is the one in which numerical reduction of the

chromosomes takes place (syndesis), while others hold that

each thread is only equivalent to the daughter halves of a

precociously and temporarily split chromosome. In describing

the subsequent maturation processes it is necessary, in order

to avoid great circumlocution, to use terms which presume

the truth of one or other of these two views, and as I believe

that in Lepidosiren the evidence is on the whdle in favour of

the first view, I have used expressions in accordance with it,

such as conjugants for fusing leptotene threads, etc.

The earliest of the three zygotene stages figured is PJ. 1,

fig. 10. The pairs of leptotene threads have in no case

fused over more than a small portion of their length. The

thick threads formed by the fusion of two leptotene filaments

are, of course, the beginnings of the pachytene threads. In

some cases the fusing threads can be seen to be twisted

round one another in a complicated way. Towards the other

side of the nucleus the conjugating threads diverge, and

can be traced into the general leptotene complex, but the

individual threads cannot be traced far owing to their

complicated courses, and to a certain stickiness which appears

to make them adhere together where they cross one another.

As usual the threads have their free ends orientated in the

same direction, i . e . towards the polar end of the nucleus,

and it is this pole that fusion is beginning at, and spreading

away from. Prom analogy with other forms we may probably
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safely assume that the chromatin threads are all pointed

to that part of the cytoplasm in which is embedded the centro-

some, or, at any rate, the kinetic centre of the cell, though I

could not be sure of this structure at this stage in Lepido-

siren.

PI. 2, fig. 12, shows a zygotene stage (rather more advanced

than PI. 1, figs. 10 and 11), seen from the pole. In this

nucleus the free ends of the fusing pairs are many of them

embedded in a rather faintly staining coagulum, a condition

which we meet with again, though not so pronounced, in

PI. 2, fig. 14.

In PL 1, figs. 10 and 11, it is well seen how widely

diverging the conjugating leptotene threads are as they pass

away from the nuclear pole—a condition hard to reconcile

with the view that we are here dealing with a re-fusion of

temporarily separated daughter-halves of the chromosomes.

This view meets with still further difficulties when we trace

back the fusing threads of the zygotene stage to the leptotene

threads of the preceding stage, which, as we saw, are not

arranged in any paired way at all.

Some authors have adduced in support of the theory of

parallel conjugation the fact that no threads of an inter-

mediate thickness between leptotene and pachytene filaments

can be found. Others, having found that in the forms studied

by them such intermediates are present, have considered

this fact as strong evidence against the existence of this

mode of conjugation. In Lepidosiren it is certainly true

that it is not always possible to tell whether a given chroma-

tin thread is of the leptotene or pachytene order, but this is

no evidence against the view of the formation of the pachytene

threads by fusion of pairs of leptotene filaments. From the

moment of their first appearance the threads are continually

shortening and thickening, audit is probable that conjugation

does not always take place at precisely the same stage of

contraction. Moreover, the intertwining and stickiness of the

threads seems to cause them to contract unevenly, so that

the same filament may be thicker in one part where its
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condensation has been unrestricted than in another where its

entanglement with other threads acting as relatively fixed

points has kept it stretched thin.

The direct evidence for this mode of syndesis is to be found
in the zygotene nuclei, such as PL 1, fig. 10, for example,

where there is no doubt that the threads in the unorientated

part of the nucleus are of the same order of thickness as the

incompletely fused moieties of the pachytene threads.

As a result of their work on Tomopteris, Salamandra,
Spinax, and Myxine, the Schreiners think that they can

formulate the hypothesis that chromatin granules are present

in the same number in homologous chromosomes, and that

conjugation consists essentially in the fusion of these

granules in pairs. The evidence presented by Lepidosiren
is negative in this respect. As a rule the conjugating threads

do not present any granulation, this making its appearance

in the pachytene stage (see PL 2, figs. 13, 14, and 15).

In PL 1, fig. 10, it is true we do see one pair of threads

each with three large chromatin granules which are about to

fuse together. This condition is, however, not the rule but

the exception. It may be that the general absence of

chromatin beads in the conjugating threads is due to the

fact that in Lepidosiren conjugation takes place very early,

i.e. while the threads are still extremely long and thin.

For it is possible that the granules are really present but so

drawn out as not to be readilv demarcated from one another.
•/

Their appearance in the later stages of the pachytene nucleus

would then be explained by the continuous contraction of the

threads, whereby the granules are enabled to assume their

spherical shape.

In PL 2, figs. 13 and 14, conjugation has proceeded farther

and the arrangement of the pachytene threads in the charac-

teristic bouquet is becoming apparent. Fig. 13 is drawn

from the side, fig. 14 from the pole. In fig. 13 many of the

threads show no sign of doubleness, but in some of them

their leptotene constituents diverge and run separately for a

considerable distance. In the nucleus figured in fig. 14
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fusion seems to be completed, at any rate over the polar

hemisphere. Each pachytene thread now appears as a single

band, with a pronounced beaded appearance.

It is still impossible to count the number of complete

threads in the nucleus owing to their large number and great

length, and in most nuclei the onset of synizesis at about this

stage renders it impossible to do so until the diakinetic

chromosomes make their appearance. I found one nucleus,

however, fig'ured in PI. 2, fig. 1 5, which has obviously remained

in the bouquet stage for a longer period than usual, aud

consequently the shortening of the chromosomes (which

proceeds continuously during the whole of the prophase till

the disappearance of the nuclear membrane) allows of an

approximate count of the pachytene loops being made. This

nucleus, which is intact in a 40 jx celloidin section, was drawn

from both sides and the number of free ends directed towards

the pole was counted. In the figure only the superficial

chromatin of the upper half of the nucleus is shown, but

owing to the pole being slightly tilted up far more than half

the total number of free ends are shown. From the exami-

nation of this nucleus from both sides, I can say with certainty

that there are rather less than thirty-eight free ends directed

towards the pole. As the great majority of the chromosomes,

as in the bouquet stages of other forms, are in the form of

horse-shoe-shaped loops with two free ends, it is quite certain

that the loops are in the reduced number, that is nineteen.

This is in accordance with what we know of the bouquet

stage in other forms. The loops have been found to be

present in half the somatic number in all those species in

which, owing to the small number of the chromosomes, it has

been possible to count them at this stage. Gregoire (1910)

gives the following list of such forms: Amphibia (all since

Flemming up to the most recent workers), Tomopteris
(Schreiner), Cyclops strenuus (Lerat), Pedicel lin a

(Dublin), Ophryotrocha (Gregoire and Deton, Schreiner),

Thy sanozoon (Deton), As car is (Griggs), Zoogonus
(Gregoire). To this list, which could certainly be much
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extended, I might add as the most recent examples, Planaria

(Arnold), Dicrocoelium (Dingier).

One of the objections which Meves (1907) urges against

interpreting what takes place in the zygotene stage as a

fusion of originally separated threads, is that the linin bridges

which connect up all the threads (not merely the members of

the conjugating pairs) must prevent the necessary movements.

In Lepidosiren, however, it is a matter of observation to

determine that threads, at one time separate, do move

together and fuse in spite of the existence of linin bridges.

Whether we must suppose that the linin connections are

sufficiently elastic to allow of the necessary movement, or

whether Gregoire is right in supposing that the approximation

of the threads is accompanied by a breaking of the connections,

which may be formed again afterwards, is a point which must

be left undecided so far as Lepi do siren is concerned, though

the former view seems to be indicated.

Following immediately after the bouquet is the strepsitene

or diplotene stage, in which the conjugavits which were

temporaril}7 united in the pachytene loops separate again.

In Lepidosiren this stage is complicated by the fact that a

very pronounced synizesis (synapsis of some authors) now sets

in. As it is now certain that synizesis does not always coincide

with syndesis (it does not for instance in Lepidosiren)

the discussion as to whether the contraction is or is not an

artefact has lost the interest which it had when it was

supposed by many workers to be the necessary concomitant

of the conjugation of the chromosomes. In my material it

always occurs between the bouquet stage and the appearance

of the definite chromosomes, both in testes fixed with

Flemming and with corrosive-acetic, and equally in all parts

of the section. The stage in which it occurs is therefore that

in which the individual members of the tangled mass of

chromatin threads undergo a very pronounced contraction,

and it seems that this fact must set up a condition of stress

within the nucleus, the visible result of which is the clumping

together of the threads at the side of the nucleus away from
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that in which the attachment of the chromosomes to the

nuclear membrane first gave way. Whether this clumping

together occurred during life or whether it needed the

additional strain of the fixation to bring it about is probably

an unimportant matter.

The fact that the onset of synizesis coincides with the

entrance of the nucleus iuto strepsinema causes the details of

the latter to be less diagrammatic than in many other forms,

e.g. Tomopteris, Salamandra (Schreiner), Dicro-

coeliutn (Dingier). The separation of the conjugants also

takes place very quickly along their whole length, except

(for a time) at their ends, so that the pachytene threads are

rapidly converted into very long rings. This is shown in

PI. 2, fig. 16, which is a polar view of a strepsitene nucleus.

Instead of the free ends of the pachytene threads we find that

each of them has split and forms a long ring, the greater part

of which is hidden in the synizetic mass below. In the case

of most of the threads the conjugants have separated com-

pletely, so far as can be seen, except at their ends, but some

of them can be seen in the act of separating, being' still fused

together in places. The shortening and thickening of the

threads has, of course, been proceeding steadily since the

first onset of the prophase, so that the separating conjugants

are far thicker than they were at the time when they fused

in zygonema. The chromosomes have lost the beaded appear-

ance they possessed in the bouquet stage.

From the study of the preceding and following stages as

well as by aualogy with other forms we know that the rings

are present in the reduced number. In the stages imme-

diately succeeding strepsinema in Lepidosiren a very

curious process takes place. The rings break through first at

one joint (i.e. point of attachment of conjugants) to form

open loops, and then at the other to form perfectly separate

chromosomes. In late diakiuesis we thus get the somatic

number of chromosomes present, which show no signs what-

ever of having been previously united.

Figs. 17-24 illustrate these stages. In the interval covered
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by these figures we are concerned with four separate pro-

cesses, which do not always keep exact pace with one another.

These processes are : the increase in intensity of synizesis up

to a maximum, and then its gradual loosening out; the

shortening and thickening of the chromosomes
;
the complete

separation of the ex-conjugants already mentioned
;
and the

development of a transverse constriction across each (uni-

valent) chromosome.

In PI. 2, fig. 17, synizesis is very pronounced, and the

chromosomes have contracted considerably since the stage

shown in PI. 2, fig. 16. Most of them are probably still in the

form of rings, though the dense mass in the centre does not

allow of any of them being followed out completely. There is,

however, one free end which must have been formed by the

breaking open of a ring. At s is seen another ring in the

act of breaking through at the point of junction of the conju-

gants.

The completion of the process of separation of the conjugants

can be followed in figs. 18-24. The^e are all in thick

celloidin sections (with the exception of fig. 24), and untouched

by the razor (except figs. 21 and 24). The dissociation of

the conjugants, therefore, cannot possibly be ascribed to

dislocation by the razor.

In PI. 2, fig. 18, owing to the still considerable length of the

chromosomes, and to the fact that synizesis is not quite

resolved, it is not possible to determine the limits of all

the chromosomes. Among those which can clearly be made

out there is one complete bivalent ring’ (bl), three bivalents

in which the constituents are united by their ends only

(&2-64), two pairs of univalents, still, however, united by

a thin thread (si, s2), and a number of free univalents. Thus

we get here every stage in the breaking apart of the rings.

In the still complete ring bl it can be seen that the conju-

gants are in the act of tearing apart at one junction, while

the attachment at the other one is not intimate.

In PI. 2, fig. 19, the synizesis is still at its height, and only

a few of the chromosomes can be determined. Among the free



THE SPERMATOGENESIS OF LEPIDOSIREN PARADOXA. 17

ones, however, are one bivalent ring* (6), one pair of recently

separated univalents
(
5), and a number of free univalents. In

the univalents the transverse constriction is beginning to

develop.

In PI. 3, fig. 20 a synizesis has almost broken up, but there

are still some chromosomes hidden away among the main clump.

At least thirty free ones can be made out, and of these one

is a bivalent ring
(
b ). One pair of very long chromosomes is

also seen still united by a thin thread (6*). Owing to the

fact that the transverse constrictions are beginning to

develop, it is not in every case easy to determine the valency

of the chromosomes.

The pair of long chromosomes
(
l ), which are seen united by a

thread only at s in this figure, can be traced from now ouwards

to the end of the second maturation division. They can also

be seen in the spermatogonial mitoses (PI. 1, fig. 7) and

probably also in the somatic nuclei.

In PI. 3, fig. 21 synizesis has quite broken up and the

separation of the ex-conjugants is complete. O 11 the other

hand the shortening and transverse constriction of the chromo-

somes has not proceeded so far as in the preceding figure.

The somatic number of univalents can be easily seen. The
wide separation of the “homologous” chromosomes is well

seen in the case of the large pair; it will be noticed that

several chromosomes are lying between them. Although this

nucleus, unlike the others figured of this stage, has been

grazed by the razor, the wide separation of this pair of

chromosomes cannot be due to dislocation by the knife, as

they lie towards the untouched surface of the nucleus, and the

section is a celloidiu one, mounted without dissolving out the

celloidin.

The nucleus shown in PI. 3, fig. 22, is further advanced

in that the transverse constriction of the univalents is much
more marked, but the dissociation of the ex-conjugants is not

so complete. The chromosomes can be easily counted, and

we find nine bivalents and twenty univalents (= 38 uni-

VOL. 57, PART 1. NEW SERIES. o
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valents). Of tlie bivalents four are closed rings 1 (bl-bV),

three of the others have their constituents separated except at

one point of contact (b5-b7), and in two of them the ex-con-

jugants have almost completed their separation (si, s2).

In PI. 3, fig. 23, the fact that the transverse constrictions

are only incipient in many of the chromosomes makes it

difficult to value them, but it is certain that there is a mixture

of uni- and bi-valents, the former predominating.

At the time that the nuclear membrane disappears separa-

tion of the ex-conjugants is generally complete, and we have

thirty-eight quite free univalent, transversely constricted

chromosomes (PL 3, fig. 24). As regards this constriction,

it may be said at once that it does not represent a future

division plane of the chromosome (see pp. 22, 29).

As the individual chromosomes become free from the

synizetic mass they tend to become arranged close under the

nuclear membrane, leaving the centre of the nuclear space

empty. This condition of peripheral distribution of the

chromosomes shortly before the disappearance of the mem-
brane is a widely distributed phenomenon, but in the case of

the meiotic prophase it is usual to find them in the reduced

instead of the somatic number. Indeed, this is often the

stage at which the peculiar shapes of the bivalents (rings,

crosses, tetrads, etc.) is best made out.

During the period covered by the last few figures the

nucleolus, which was such a conspicuous object until it was

hidden in synizesis, gradually loses its staining capacity,

becomes irregular in outline, and disappears.

Just before the dissolution of the nuclear membrane the

diameters of the nuclei vary round an average of about 35 fi .

When the membrane disappears we get the condition shown

in PI. 3, fig. 24. At this stage no achromatic figure can be seen

1 It must be remembered that this nucleus, like all the others about

this stage, was examined and drawn from both sides. In the case of

the rings bl-bo, which are seen in end view, it is difficult to give proof

of their ring nature in the figure, though this is at once apparent on

examination of the same chromosome from both surfaces.
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witli certainty, but soon this makes its appearance, and at the

same time the chromosomes begin to pair again to form the

rings, some modification of which nearly all of them assume

on the equatorial plate. This secondary pairing of the chromo-

somes, which takes place in exactly the reverse way to the

previous separation, is illustrated by PL 4, figs. 25-28, which

also show the mode of development of the spindle figure. It

will hardly be necessary to say that the second pairing unites

the same chromosomes that conjugated in the first instance;

this is shown clearly by the equality of the members of each

pair. 1

In PI. 4, fig. 25 the spindle axes are only separated

through an angle of about 45°. Of the thirty-eight chromo-

somes, twenty-six are still separate univalents, but the remain-

ing twelve have joined to form six bivalents. In the case of three

of them (61-53) pairing is complete, and they form closed rings.

In the case of the other three (64-66) they have at present

united at one end only, forming bivalent quadripartite

bands. Presently the open bivalents so formed will bend

round and form closed rings also.

This nucleus, like those in PL 4, figs. 26 and 27, is in a

thick celloidin section, and was carefully drawn from both

sides to verify all the chromosomes. In fig. 26 are shown

the two drawings of another nucleus obtained in this way.

In both figures all the chromosomes are shown, but those

in the upper optical section are shaded, and those in the

lower half shown in outline only.

In this nucleus, although the spindles are further separated,

pairing has not proceeded so far as in PL 4, fig. 25. The
thirty-eight chromosomes can be plainly counted, and of

these only two have completely joined to form a ring (ft).

There are four couples in an early stage of pairing—Nos. 1

1 The equality is only approximate, but the differences in size are

slight enough to be accounted for by the condensation having proceeded

at slightly unequal rates and by slight irregularities in outline. At any

rate, in the case of the large pair, these are so much greater than any

others that there is generally no possibility of mistaking them.
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and 3, 5 and 6, 7 and 8, 9 and 10. None of these are as yet

in actual contact, but they are in each case united by one

or two linin threads. With one exception none of the

other univalents are connected by visible bridges. It is an

interesting question whether the linin thread which appears

between two chromosomes shortly before they pair is a new
formation, or only a becoming visible of a previously existing

structure. Everything points to the connection being a new
formation. In PL 3, fig. 24, no connections are visible, and

in order to see whether they could be brought into view by

over-staining the cover-slip was taken off and the section

densely re-stained with Heidenhain’s haematoxylin. This

process, however, did not result in showing any linin connec-

tions between any of the chromosomes. The frequent wide

separation of the two members of a pair is also against their

being really connected all the time by an invisible thread.

The linin bridges seem to act as contractible fibres to pull

the chromosomes together. Heidenhain considers linin to be

a specifically contractile substance. In thisv figure Nos. 2

and 4 are probably the large chromosomes still unpaired.

In PL 4, fig. 27, the spindle apices have nearly reached

opposite poles, and pairing is almost complete. There are in

fact only two unpaired univalents (ttl, u2). Of the bivalents

fifteen are completed rings or “ tetrad
” modifications of rings,

and three are joined by one point of contact only. One of

these (Z) is the pair of large chromosomes.

In Pl. 4, fig. 28, the spindle is practically ready, and

pairing is complete. Only a few of the chromosomes are

figured to show the characteristic shapes of the bivalents

and their great difference in size. The large pair, now a

complete ring, is shown at Z. Some of the gemini are typical

“ tetrads,” the appearance being due to the pronounced

transverse constrictions and close lateral approximation of

the two univalents composing them.

As will be seen by comparing Pl. 4, figs. 25 and 26, the

process of pairing does not always proceed exactly pari passu

with the separation of the spindles. Indeed, sometimes
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nuclei are found in which pairing is complete by the time the

spindles have separated through a very small angle only. In

general, however, the less the time that has elapsed since

the disappearance of the nuclear membrane the larger the

proportion of univalents, and the nearer the spindle is to

completion the greater the number of bivalents.

'the following is a summary of the behaviour of the

chromosomes up to this stage. They appear out of the resting

nucleus as the leptotene threads. These are intimately

united in pairs along their whole length in zygonema. In

strepsinema they separate again, but for a time remain attached

to each other by their ends to form long rings. These rings

open, first at one point of contact of the conjugants, then at

the other, and the somatic number of univalent chromosomes

is again obtained. Each univalent as it shortens becomes

transversely constricted. After the dissolution of the nuclear

membrane and appearance of the achromatic figure the

chromosomes that were previously united pair again. This

pairing takes place by a process exactly the reverse of

the previous separation. First, a linin thread appears con-

necting a pair of corresponding chromosomes; then these

come into contact by one end to form a rod-shaped (quadri-

partite) bivalent
;
then the rod bends round on itself to form

a closed ring* or modification of a ring.

In the metaphase of the first meiotic division one member
of each bivalent goes to one daughter-nucleus, the other to

the other.

The chromosomes on the equatorial plate present the same

shapes as shown in PI. 4, fig. 28. In PL 4, fig. 29, is seen

a polar view of this stage, to show the nineteen gemini.

Pi. 4, fig. 30 shows an early anaplmse, to show the mode of

separation of the chromosomes. The large pair is well seen.

None of the chromosomes as yet show the longitudinal split

preparatory for the second division, which is so often

observed at this stage.

The Second Meiotic Division.—There is no resting-

stage between the two divisions. In PI. 4, fig. 31 we see
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the spindles already rotating in preparation for the second

division. The details of this mitosis are not so clear as those

of the first, owing to the fact that the chromosomes are apt

to lose their regular outlines, and to adhere together to a

certain extent. A pair of metaphases are shown in PI. 5,

fig. 32. Owing to the rotating of the spindles one is seen

from the pole, the other from the side. In the side view

we see many of the chromosomes of the same “ tetrad”

shapes as those appearing in metaphase I. This has pre-

sumably arisen by a longitudinal division of the anaphasic

chromosomes of the first division, with partial separation of

the halves.

The shapes of the chromosomes in the anaphase II cannot

be satisfactorily made out, as they always appear to stick

together and separate as two solid plates in which the out-

lines of the individual chromosomes are only rarely plainly

visible. Here and there one can often be seen to be dumb-

bell-shaped, but they lose their transverse constrictions in the

later anaphase (PI. 5, fig. 33).

In spite of the obscurity of the details of this division it is

plain enough that the chromosomes divide longitudinally, and

not by the transverse constriction which appears in the pro-

phase of the first division. It is by no means clear what is

the meaning of this constriction, but it doubtless corre-

sponds with the apex of the V's of the somatic or

spermatogonial mitoses. PI. 1, fig. 7 shows a,

daughter-plate of one of the smallest spermatogonia, in which,

therefore, the chromosomes are comparatively small. An
examination of the smaller elements shows that when the limbs

of the V J

s are very short we get an appearance strongly

resembling the bipartite chromosomes of the meiotic prophase.

The fact that the transverse constriction of the univa-

lents, i.e. one of the two constrictions of the metaphase
“ tetrads,” does not play any part in the second division will

not come as a surprise to anyone who has followed the trend

of recent cytology. Even the Copepod tetrads—-these classical

examples of reduction by means of one longitudinal and one
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transverse division—have now been shown not to have the

significance that has so long been attached to them. The

recent works of Lerat, and especially of Matschek, have

demonstrated that the transverse joint in the tetrads has no

relation to the division plane of either division, the chromo-

somes splitting longitudinally both times. Thus in the early

anaphase II the separating daughter-chromosomes are trans-

versely jointed like those of anaphase I. The joint dis-

appears in the late anaphase. This matter is returned to on

p. 29.

Intercalation of a Resting Stage in the Meiotic

Prophase.

The series of stages just described undoubtedly represents

the normal course of events. Sometimes, however, the stages

figured in figs. 18-23 are not immediately followed by

the disappearance of the nuclear membrane and re-pairing

of the chromosomes, but instead, the nucleus enters into a

sort of resting stage, passing through the condition shown in

PI. 5, fig. 34 to that figured in fig. 35. The chromo-

somes, univalent and in the full somatic number, take up their

positions equidistant from one another under the nuclear

membrane, and fine threads appear joining them up. For a

time they retain the appearance typical of the diakinetic

chromosomes, but presently this shape is lost, and they

become irregular plates of chromatin connected up with one

another by numerous bridges. In most cases thirty-eight

entirely separate chromosomes can be counted with ease, but

often some of them show a more or less pronounced paired

arrangement.

These nuclei are extremely striking objects, especially when

seen with the stereoscopic eyepiece, owing to the distribution

of the chromosome as thin plates close under the membrane,
leaving the interior of the nucleus entirely free from any
staining substance. A faintly staining nucleolus is present.

Although on looking through a number of sections a good
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many of these nuclei will be found, still, they are much too

rare to admit of the possibility of their being a normal stage

in the prophase. I have not been able to determine whether

a nucleus which has gone so far as that shown in PI. 5, fig. 35

is capable of resuming mitosis, or whether it is destined to

degenerate, but the balance of evidence is in favour of their

re-entering the normal life-cycle of the spermatocyte by a

disappearance of the nuclear membrane and a return to the

condition shown in PI. 3, fig. 24. In any case, the inter-

calation into the meiotic diakinesis of a resting or semi-

resting condition of the nucleus with the somatic number of

chromosomes is very remarkable.

In the spermatogonia the nucleus may also occasionally

enter into a corresponding semi-resting stage in diakinesis.

Part of such a nucleus (belonging to a large spermatogonium)

is shown in PL 5, fig. 36. This cell was in a young male

whose testis contained very few spermatocytes, and there

were none of these in the neighbourhood of this cell, so there

is no doubt of its being spermatogonial. In any case similar

nuclei are frequently found, which from their position and

small size must belong to the smaller generations of sperma-

togonia. The resemblance with the corresponding stage in

the meiotic prophase is striking. As in the case of the

spermatocytes, these nuclei are far too rare to be a normal

stage in the spermatogonial prophase.

Except for the dissociation of the chromosomes, the semi-

resting stage just described puts one in mind of the “ germinal

vesicle” stage of the oocyte, and it is a very interesting fact

that in one testis several spermatocytes have at this

stage actually taken on the character of oocytes.

This testis came from a specimen dug out of the ground in

the hibernating condition. About 11 mm. of the testis was

sectioned, and within this length there are three undoubted

eggs, with all the essential characteristics, both of nucleus

and cytoplasm, of true ovarian eggs at an early stage of the

growth period. The average diameter in ju of the ceil body

and nucleus in each of the three is as follows : 200 and 84,
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190 and 104 (the egg figured in PL 5, fig. 38) ,
220 and 105.

In PI. 5, fig. 38 the egg is seen filling up most of the tubule in

which it is situated. The cytoplasm is in the form of a very

fine meshwork, the strands of which are composed of rows of

very fine granules. The nucleus is full of a granular or

flocculent substance, from which the chromatin strands are

but indistinctly differentiated.

Besides these three eggs, the same piece of testis contains

a, few cells connecting them with the semi-resting sperma-

tocytes with peripherally distributed chromosomes. One of

these is shown in PI. 5, fig 37. The diameter of the nucleus

is about 10 /i more than the average spermatocyte nucleus of

the same stage, being 45 /i. The cell body is 75 n across.

Not only is the size of the nucleus intermediate between that

of the spermatocyte and oocyte, but, what is more important,

its structure is also. The chromosomes, in the somatic

number, are distributed under the nuclear membrane in a

precisely similar manner to that shown in PI. 5, fig\ 35, but

in addition the cavity of the nucleus is filled with a flocculent

substauce such as we find in the oocyte. For this cause the

chromosomes—which are also beginning to lose their staining

capacity—stand out less sharply than in the ordinary

spermatocytes. The cytoplasm is still like that of the

spermatocyte rather than the oocyte, showing very little

appreciable structure.

The Pre-meiotic (Spermatogonial) Divisions.

We will consider at this point the early stages of the

prophase, and their significance in relation to the correspond-

ing stages of the meiotic prophase.

The structure of the resting spermatogonial nucleus has

already been described. It consists of rounded or angular

blocks of chromatin connected by chromatin bridges and

linin threads (PI. 1, fig. 2). Preparation for mitosis consists

in a gradual transformation of these blocks into band-like

chromosomes. The first stages of this process are seen in
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PI. 1, fig. 3, in wliicli it is seen that the large chromatin

blocks are the centres for the formation of the chromosomes.

These appear to grow out as continually lengthening bands, the

substance of the chromatin blocks getting used up in the

process (PI. 1, figs. 3 and 4). In fig. 4 the chromosomes are

fairly well defined towards one pole of the nucleus, but at the

other are not nearly so far advanced. In PI. 1, fig. 5, we
have the fully formed spireme. It is distinctly formed of

separate chromosomes, though the ends of these show a

marked tendency to adhere together. In some cases they are

connected by thin threads. It is easy to see how this condition

could give rise to the apparently continuous spiremes, which

have been seen in many forms.

In PI. 1, figs. 6 and 7 are shown the equatorial plates of

one of the largest and one of the smallest (earliest and latest)

generations of spermatogonia. These are referred to in

another connection later (pp. 30, 37). Judging from the size

of the nuclei shown in PI. 1, figs. 2, 3, 4, 5, these belong to the

middle generations of spermatogonia, and would result in an

equatorial plate intermediate in size between those shown in

PI. 1, figs. 6 and 7.

The localised, circumscribed area, out of which each

chromosome takes its origin, is strikingly different from

what we find in the early meiotic prophase. Comparing PI.

1, figs. 3, 4, 5 with the equatorial plates, we see that

when first formed each chromosome is but little longer than

it will be at the metaphase—note, for instance, the very

small horse-shoe-shaped element in PI. 1, fig. 4. In the

meiotic prophase, on the other hand, the chromosomes at

their first appearance are enormously long and thin (lepto-

tene threads). This difference in the early prophase is

doubtless correlated with the structure of the resting nucleus.

In the spermatogonia—at any rate those of the middle and

later generations, to which the stages described belong—the

chromosomes appear not to enter such a complete “ resting”

or diffused state between the mitoses as they do during the

growth period of the primary spermatocyte.
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The most important difference between the pre-meiotic and

meiotic prophases is the entire absence in the former of any

appearance of fusion of chromatin threads, such as takes

place in zygonema. Although the spireme may often be

observed to be longitudinally split (more often seen in the

somatic than in the spermatogonal mitoses), I have never

seen any suggestion of a fusion of definite widely separated

threads. The really corresponding stages in the two periods

seem to be (allowing for the different structures of the resting

nuclei) the first resolution of the chromatin network of the

spermatocyte into the leptotene threads, and the trans-

formation of the chromatin blocks of the spermatogonia into

the band-like chromosomes.

The Reduction Question.

While the majority of cytologists believe that the numerical

reduction of the chromosomes is brought about by the

syndesis or “conjugation ”
of homologous chromosomes, con-

siderable diversity of opinion exists as to how the syndesis

takes place. Some students of heredity express the opinion

that the mode of conjugation is inessential, the important

point being the distribution of the chromosomes to the

gametes in such a way that each gamete gets one member of

each pair of homologous chromosomes. However, the dis-

tribution in this manner depends upon their previous pairing,

and this can only be established by observation. Now this

cannot be said to have been done so long as different workers

on the same group, or even on the same species, describe the

syndesis as taking place at entirely different periods of the

prophase, though each has observed and studied the stages

described as conjugation by the others.

The various schemes of “ conjugation ” which have been

proposed can be roughly classified into two—metasyndesis

and parasyndesis (Hacker). The latter term refers to the

mode of conjugation upheld in this paper for Lepidosiren,

and was originally proposed by von Winiwarter and developed

especially by Gregoire and A. and K. E. Schreiner. Meta-
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syndesis, on the other hand, covers a wider range, and may
be applied to all those other forms of conjugation in which

the chromosomes are united end to end. The Copepod tetrad

illustrates the simplest type of this, which is supposed by

Piickert, Hacker, etc., to be produced by the junction (or

non-separation during segmentation of the spireme) of pairs

of chromosomes end to end, the transverse joint of the tetrad

representing their point of contact, and the longitudinal one

the split which runs through both chromosomes; In 1903

Montgomery attempted to show that the loops, rings, etc., of

vertebrates (especially Amphibia) are of essentially the same

structure, formed by the bending round of the two limbs

(conjugating chromosomes) to form the rings, etc. Meta-

phase I thus separates whole chromosomes, which divide

longitudinally in metaphase II. In 1905 Farmer and Moore

independently came to the same conclusion for vertebrates

(Elasmobranchs) and many other forms. Theirs is essentially

a metasyndetic scheme.

If the theory of parasyndesis were established it would

have a possible great significance for theories of heredity, for

it allows of an extremely intimate union of the chromosomes,

during which condition it is conceivable that an interchange

of particles might take place (like the interchange of micro-

nuclei between a pair of conjugating Ciliates). This would

remove an often expressed difficulty of correlating Mendelian

phenomena with cytological observation, namely, that the

number of independently transmissible allelomorphs is

often certainly much larger than the number of gametic

chromosomes. In metasyndesis this intimate physiological

union can play no part except as an accidental and only

occasional result of a specially pronounced “second contrac-

tion.” There is, for instance, no room for it in any of the

older metasyndetic accounts, nor in Montgomery's scheme for

Hesmoguathus fuscus or Farmer and Moore's Peri-

planeta, though it might occur in Graltonia, according to

the account given by Digby, who accepts Farmer and Moore's

scheme.
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Bearing on the Conditions in Lepidosiren upon the Nature

op the Copepod Type op Tetrad.

In regard to the simple Copepod type of tetrad, apart from

the fact that Lerat describes its formation according to the

parasyndetic scheme (though Matschek in his more recent

work denies this), it now seems very unlikely that it is the

transverse and not the longitudinal slit which represents the

point of contact of the conjugants. Nevertheless, in spite of

the fact, already mentioned, that he has demonstrated that

the transverse joint plays no part in either division, Matschek

still maintains that it is an indication of an end-to-end, but

permanent, junction of pairs of chromosomes. Hacker has

quite recently (1910) re-stated his views regarding the meaning

of the Copepod maturation divisions, in accordance with the

latest work on this group. He thinks that the numerical

reduction is brought about by the end-to-end junction of

pairs of chromosomes, of which the transverse joint is the

outward sign. Since the pairs of chromosomes are divided

in each division in a plane running longitudinally through

both chromosomes, it follows that each gametic nucleus gets

the full number of chromosomes, joined however in pairs to

form the apparently reduced number. This pairing is a per-

manent one, and the fusion of the conjugants is presently

complete, as shown by the fact that the transverse joint

gradually disappears.

If it be granted that the transverse constriction of the

quadripartite chromosomes of the metaphase of the first

meiotic division in Lepidosiren (i. e. the constriction parallel

with the spindle axis, which is the same thing as the

transverse constriction of each diakinetic univalent) is homo-

logous with the transverse joint of the Copepod tetrad, it

would be impossible to agree with Hacker’s scheme. There

seems no reason to doubt the homology. The resemblance is

close and the behaviour identical, i . e. appearing in diakinesis

and persisting through the maturation divisions without acting
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as the division plane in either, and gradually disappearing in

anaphase II. Now in Lepidosiren it seems certain (apart

from the correctness or otherwise of my interpretation of the

previous stages) that the constriction cannot possibly be the

sign of an end-to-end junction of the chromosomes, seeing that

it is present in the diakinetic univalents. Probably no one

will question that these are univalent and not each composed

of two half chromosomes joined end-to-end. It will be

remembered that they are widely separated, and in the later

diakinesis become distributed equi-distantly from one another

under the nuclear membrane. In this state they may even

enter into a resting condition. A comparison of the meiotic

and pre-meiotic nuclei in this condition (PI. 5, figs. 35 and

36) will probably complete the proof if any be needed. It

would be difficult to hold that in the one case (fig. 36)

each chromatin mass has the value of a whole chromosome,

and in the other (fig. 35) the value of two half chromosomes

joined together.

Another difficulty in the way of considering the transverse

constriction as an indication of an end-to-end junction is its

almost certain homology with the apices of the Y?
s of the

spermatogonial or somatic chromosomes. Attention is drawn

to this on p. 22. In addition to what is said there, it should

be noted that in the smaller spermatogonia the limbs of the

V's often seem very loosely connected at the apex (see fig. 7,

1-6), so that at first glance they look almost like separate

chromosomes. This reminds us of the apparently nearly

complete separation of the halves of the tetrads by the trans-

verse joint so often seen in other forms.
,
In the larger sperma-

togonial and somatic divisions the angle between the limbs

of the V ,
s is not nearly so sharp—in fact the chromosomes

often show no tendency to bend at one spot more than

another. This may account for the unequal lengths of the

limbs in some of the chromosomes, though, as may be seen

by reference to the figures, the transverse constrictions do

sometimes divide the chromosomes into unequal portions even

in the meiotic divisions, though the inequality is naturally
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less striking than in the case of the long, thin, pre-meiotic

chromosomes.

Similar considerations may be applied to all tliose forms

with simple tetrads divided by a longitudinal and a transverse

joint, in which the presence of the transverse joint (i. e. the

one parallel with the spindle axis in the metaphase) is taken

as evidence of an end-to-end junction of the chromosomes.

A recent work purporting to describe the origin of the

tetrads by a simple end-to-end conjugation with subsequent

longitudinal splitting is that of Gross, who has re-described

the spermatogenesis of Py rrhocoris. Now an examination

of his text and figures makes it appear extremely probable

that the diakinetic stages are really similar to those of

Lepidos iren. The difficulties which lie in the way of a correct

interpretation in Py rrhocoris, and the comparative certainty

with which these stages can be elucidated in Lepidosiren
is my excuse for attempting to criticise Gross’s account.

According to this author the first synizesis loosens into long*

chromosomes, of which the number could not be exactly

determined, but which were certainly more than the reduced

number. Now his figures 17 and 18 look very like nuclei

containing the reduced number of gemini of which the

members are well separated, though the pairs are still mostly

distinguishable. As he gives no figures or description of the

stages before synizesis, which he says follows almost directly

after the last spermatogonial division, it is impossible to form

any opinion as to how these gemini have been produced.

The separation of the gemini (supposing my interpretation

to be correct) becomes successively more and more complete

in Gross’ fig's. 19, 20, 21, till they are as well separated as in

Lepidosiren. After the peculiar temporary disintegration

of the chromosomes, a second synizesis sets in. As the

chromosomes enter into this contraction as apparent monads
and emerge dumb-bell-shaped, Gross assumes that during

this stage they have conjugated in pairs. Gradually in

successive stages we find more and more quadripartite rings

and fewer and fewer dumb-bells. Gross interprets the tetrad
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rings as formed by splitting of the dyads, but his figures

show such a close resemblance to the secondary pairing in

Lepi do siren that it appears to me impossible to escape

from the conclusion that in Pyrrhocoris the rings are

formed in the same way, that is, by a pairing of the bipartite

univalents, and that the change from the monad to the

dyad appearance during the second synizesis is not due tc

conjugation, but to the development of a transverse con-

striction in each separate univalent as we saw so diagram-

matically in Lepidosiren. Unfortunately Gross does not

give us the only information which could settle this point.

He makes no counts of the chromosomes until after the

stage where ring formation is complete, by which time, of

course, the reduced number is present. In this respect

Henking’s account is more complete than Gross's, and seems

fully to confirm the interpretation which I have ventured to

suggest. Henking states that in nuclei containing a mixture

of rings and half rings, the total number of chromosomes,

counting rings as two and half rings as 6ne, adds up to

twenty-four (the somatic number).

Reality of Parasyndesis.

The debatable stages of the meiotic prophases in which

parasyndesis and its associated phenomena occur—leptonema,

zygonema, strepsinema—have been dealt with by many

experienced cytologists, such as Montgomery, Farmer and

Moore, Gregoire, A. and K. E. Schreiner, Janssens, Meves,

Fick, Goldschmidt, Hacker and many others, in whose works

are to be found full discussions of the evidence for and

against.

The establishment of parasyndesis, with subsequent sepa-

ration of the homologous chromosomes in the first meiotic

division, may be said to rest on two main foundations. Firstly,

that the leptotene threads have each the value of a whole

chromosome, and that they do not represent the temporarily

separated daughter halves of a precociously split spireme.
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In such forms as Lepidosiren, where the resting* nucleus is

first resolved into a tangle of leptotene threads, which can be

traced for long distances and are found to run across one

another in all directions, it does not seem possible to homolo-

gise them with the daughter halves of a double spireme, and

yet there seems no room for doubt that these are the threads

which fuse in pairs later in zygonema. It is true that bv the

time the zygonema is fairly far advanced we do get appear-

ances not unlike what may occasionally (but not regularly)

be found in the condensation of a somatic chromosome, as

Digby has pointed out in a recent paper dealing with this

question. To make this, however, a basis of comparison of

somatic with meiotic prophases, to the end of denying the

significance of parasjnidesis, is to take no account of the

preceding stage of leptonema.

The second foundation on which the establishment of para-

syndesis rests, is that the spaces between the fusing leptotene

threads (which become the longitudinal split visible here

and there in the pachytene threads or thick spireme) is the

space which reopens in strepsinema to form the space sepa-

rating the two branches of the gemini, whether these are

arranged in parallel bars, rings, crosses or other figures, and

is the split which becomes effective in the first heterotype

division. This is in accordance with the opinion of most

cytologists, in opposition to the belief of Montgomery,

Farmer and Moore, and their followers, who hold that the

rings, etc., of metaphase I are formed by the horse-shoe-

shaped chromosomes of the bouquet stage (each bivalent

being formed of two chromosomes united by one of their

ends at the apex of the horse-shoe) bending over their free

ends in the “ second contraction ” to form the closed rings,

figures-of-eight, or other forms met with in diakinesis.

According to this view the longitudinal split visible in the

early spireme is in preparation for the second division. As

is well known, the majority of both schools are agreed as to

the composition and further fate of the gemini once formed,

i.e. that each is composed of two approximated somatic

VOL. 57, PART 1.—NEW SERIES. 3
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chromosomes, which separate from each other in meta-

phase I.

As was brought out in the descriptive part, the onset of

strepsinema is obscured in Le pi do siren bv the synchronous

beginning of synizesis, so that this stage is the least clear of

any in this animal. Consequently the direct evidence to be

gained from it, while all in favour of the most usually

accepted view that the rings are formed by the re-open-

ing of the longitudinal split temporarily obliterated in the

pachytene stage, is, it must be admitted, of less value than

that to be gained from other forms in which this stage is

clearer.

Significance of the Temporary Complete Separation of

THE Ex-CONJUGANTS IN DlAKINESIS.

The complete separation of the ex-conjugants, which is

begun in synizesis and completed in late diakinesis, is one of

the most striking features of the maturation processes in

Lepidosiren, and a full account has been given of it in the

descriptive part. Nevertheless, it is only an extreme

example of the very loose connection between the branches

of the gemini so often observed in diakinesis. It is only

necessary to glance through the plates of a few woi'ks on

spermatogenesis, or still more of oogenesis, to convince one-

self of this.

In many forms a diakinetic end-to-end pairing has been

described, closely similar to the second pairing in Lepidosiren,

and has been taken for the real conjugation. The case of

Lepidosiren makes it evident, however, that the mere fact

that the chromosomes are present in the somatic number in

diakinesis and then unite end to end in pairs is no proof that

the parasyndetic scheme does not apply to them. As examples

of forms with a diakinetic pairing like that of Lepidosiren
may be mentioned Lumbricus (Calkins), Caloptenus
(Wilcox), CEnothera (Gates, Davis; in this genus the

pairing is often a very loose one), and possibly Ophryo-
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troclia (Korsclielt’s account; in this case also the pairing is

extremely loose).

The separation and second pairing of the ex-conjugants

gives indirect support to the view that the first pairing was

by parasyndesis. For if not— if, that is to say, the reduced

number of chromosomes in the bouquet stage has been

brought about by an end-to-end junction of the chromosomes

—it seems extraordinary that they should separate, only to

come together again in exactly the same way. On the other

hand, if the original conjugation were by parasyndesis a

possible explanation presents itself, and this is connected

with the important question of the function of chromosome

conjugation. It was suggested by the Schreiners in an

interesting paper that this function is a double one. The
intimate fusion during the prophase (parasyndesis) is to be

considered as a physiological process of a “ rejuvenescing*
”

nature, in which interchange of substance takes place. After

conjugation, that is, in strepsinema, the ex-conjugants separate

physiologically, but remain approximated or even united by

their ends or elsewhere in order to ensure the characteristic

distribution of the chromosomes in the reduction division.

Thus the separation of homologous chromosomes to different

gametes, often considered the whole object of conjugation, is

only one of two independent functions. The case of

Lepidosiren supports this view. If the whole object of

conjugation were to bring about the separation of homo-

logous chromosomes in metaphase I, it would appear incon-

ceivable why the chromosomes, having once paired (and that

they are of the reduced number in the bouquet stage is a

matter of observation, independent of any view as to how the

pairing has taken place), should separate only to pair again.

The fact that in certain parthenogenetic eggs (Cladocera,

Kuhn) appearances of parasyndesis are found, although in the

equatorial plate of the maturation division the somatic number
of chromosomes appears, has been taken by some as a final

refutation of the theory of parasyndesis, e. g., Goldschmidt

says :

ec
. . . zum Schlusse noch eines—aucli bei partheno-

VOL. 57
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genetisclien Eiern parthenogenetischer G-enerationen findefc

man genau gleichen Bilder, die sonst als p:u-allele Konjugation

homologen Chromosomen gedeutet worden (s. die Arbeit von
Kuhn in aiesetn Heft). Wo bleibt da die Theorie ? ” Kuhn,
however, himself suggests that there may have been a para-

syndesis and subsequent separation of the conjugants. The
case of Lepidosiren greatly strengthens this possibility. By
missing out the secoud diakinetic pairing and one (the first)

of the maturation divisions, a condition similar to that found

in the Cladocera would be arrived at—aud that the con-

dition of parthenogenesis has been derived somehow from

the sexual one is, of course, unquestionable.

Strasburger has made a series of observations on the

cytology of plant apogamy (i. e. parthenogenesis without

reduction of chromosomes) which are in accord with these

views. He finds that in Marsilia Drummondii there is a

synaptic contraction as in allied sexual forms, in which conjuga-

tion presumably takes place. The first peculiarity appears in

diakinesis, in that some of the nuclei are diploid instead of

the expected haploid, and some intermediate. He interprets

the diploid condition as due to separation of the ex-conjugants,

which is also borne out by the comparative sizes of the

diakinetic chromosomes in haploid and diploid nuclei. In

Elatostema acuminata there is a synaptic contraction,

but this resolves itself into a resting network again, and then

ordinary somatic division follows. In E. sessile and

Wikstroemia indica he finds no sign of synaptic con-

traction in the prophase, and takes this as proof that there is

no conjugation of chromosomes.

If it be permitted to speculate from the facts just recorded,

it is tempting to look upon the relation of parthenogenesis to

chromosome conjugation as follows.

In parthenogeuetic reproduction the physiological con-

jugation of the chromosomes (parasyndesis) is retained

(Cladocera, Marsilia) but the ex-conjugants separate

entirely as in Lepi dosiren . Unlike what happens in this

animal, however, they do not pair again, and in correlation
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with this the first maturation division is omitted, and

consequently each egg gets the somatic number of chromo-

somes. Should this be the case, it emphasises strongly the

double function of the conjugation of the chromosomes.

If Strasburger is right in interpreting the absence of a synaptic

contraction in Elatostema sessile and Wikstroemiaas
indicating an absence of chromosome conjugation it shows of

course that its periodical occurrence is noc essential to every

form, but this does not destroy its significance any more than

the occurrence of a few parthenogenetic species does away
with all the meaning of conjugation of gametes.

Pairing of Chromosomes outside the Meiotic Period.

In somatic and spermatogonial equatorial plates it can be

seen at first glance that the arrangement of chromosomes is

not haphazard. This was noticed by Murray in his paper on

the somatic mitoses in Lepidosiren (in various embryonic

tissues). He says: l( Die Grossenunterschiede der Chromo-

some n kommen aucli in anderen Weise zum A usd ruck, iudem

sie die Anorduung der Kernelemente in der Tochterplatte zu

bedingen scheinen. In der Mitte . . . liegen die

kleinsten Chromosomen . . . Die grossten Elemente

liegen ganz peripher . . . Die Mittelgrossen chromosomen

nehiuen eine Zwischenstellung ein.”

These observations of Murray’s I can fully confirm and

extend them to the spermatogonial mitoses. In the metaphase

of both somatic and spermatogonial divisions the chromosomes

are generally arranged in a hollow ring, so that the small

chromosomes are not situated to the inside of the larger ones,

but we find the latter grouped towards one side and the

former towards the other side of the equatorial plate (PI. 1,

fig. 6). In the anaphase the ring shape is destroyed and the

distribution described by Murray appears (PJ. 1, fig. 7).

In the large spermatogonia the exact delimitations of the

chromosomes are not always easy to determine owing to their

great length, which causes them to overlap one another
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(PI. 1/ fig. 6), but the general grouping of longer chromo-

somes at one side of the equatorial plate and smaller ones at

the other is evident. Much clearer figures are obtained in

the case of the smaller spermatogonia with their comparatively

short chromosomes (PI. 1, fig. 7).

Since this characteristic grouping is present not only in the

metaphase, but also in the anaphase, it must have the result

that homologous chromosomes, or rather chroinosomic areas,

are near one another in the resting nucleus.

Besides this general arrangement of the large and small

chromosomes, an examination of the figures gives one a very

distinct impression that there is a tendency for pairs of

chromosomes of equal size to approximate to one another.

This is clearest in the small spermatogonia., both because of

the greater simplicity of the figures, and also because the

size differences seem to be emphasised in them. In PI. 1,

fig. 7, the large V’s are closely approximated, and several

other pairs can be made out. v

This pairing of corresponding chromosomes outside the

meiotic phase has been frequently noticed and taken to be a

sign of a mutual attraction, which is brought to ahead in the

meiotic prophase. Montgomery (1904) described it in the

spermatogonia of various species of Amphibia, A. and K. E.

Schreiner in Spin ax spermatogonia, and Muller in the

somatic mitoses of Yucca. In this form the paired arrange-

ment persists in the late telophase and reappears in the

earliest prophase, and consequently it is a fair presumption

that it is maintained throughout the resting nucleus. The

most convincing case of all is that of Culex sp. (Stevens),

in which the six chromosomes always appear in three obvious

pairs in the pro- and meta-pliases of the oogonial divisions.

The tendency of the smaller chromosomes to lie in the

centre and the larger ones on the periphery can be seen in

almost any polar view of a mitosis with marked size differences

among the chromosomes.
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Summary.

The different generations of cells composing the germinal

epithelium resemble those often described in other forms,

especially in the Amphibia. Very little arrangement of the

different generations in different parts of the testis could be

observed.

The somatic number of chromosomes is thirty-eight. One

pair of these is conspicuously larger than the rest.

The reduced number of chromosomes in the bouquet stage

appears to be arrived at by a parallel conjugation in the

early prophase according to von Winiwarter’s scheme.

In strepsiuema, which synchronises with the onset of

synizesis, the conjugatits separate except at their ends, to

form very long-drawn-out rings.

During synizesis and diakinesis the rings break into their

constituents, and the somatic number of univalent chromo-

somes is again obtained, the “ homologous ” chromosomes

being often widely separated from each other.

During diakinesis each univalent becomes divided by a

transverse constriction, which probably corresponds with the

apices of the V’s of the pre-meiotic chromosomes, and also

with the transverse division of the Copepod type of tetrad,

which cannot therefore be taken as indicating the point of

junction of two chromosomes united end to end. As in

Copepods, the transverse constriction is not the division

plane in either mitosis, but disappears during anaphase II.

After the dissolution of the nuclear membrane “ homo-

logous ” chromosomes are seen to approach each other, and

join together a second time to form the rings or modifications

of them found in metaphase I.

The first maturation division separates entire “homologous”

chromosomes.

There is no resting stage between the two divisions. In

the second division the chromosomes divide longitudinally,

forming “ tetrads,” etc., very like those of metaphase I.

A resting or semi-resting stage may be intercalated iuto
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the spermatocyte diakinesis. In this condition the chromo-

somes, in the somatic number, are distributed round the

periphery of tbe nucleus just under the nuclear membrane.

In advanced stages they lose their regular shapes and become

connected by numerous anastomoses. In one testis several

spermatocytes in this stage have taken on all the characters

of oocytes.

The spermatogonial prophases are of a very simple nature,

and show no sign of anything comparable to the stage of

zygonema.

In the spermatogonial and also in the somatic nuclei the

chromosomes are arranged in a definite plan, the smaller and

larger ones being grouped together. Within the main groups

there is also evidence of a tendency for chromosomes of

equal size to be next to each other.
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EXPLANATION OF PLATES* 1-5,

illustrating Dr. W. E. Agar’s Memoir on “ The Spermato-

genesis of Lepidosiren par ad ox a.”

[All figures were drawn with the Abbe camera, and except figs. 37 and

38, under a magnification of 2100 diameters (Leitz oil imm., Zeiss

12 comp.) In most cases the details were confirmed with the help of

Zeiss’s stereoscopic eyepiece. Final magnification of figures, as re-

produced, 1400 diameters. In no case, except fig. 38, has any attempt

been made to show the structure of the cytoplasm. In every case the

most superficial chromatin is most darkly shaded, the deeper parts

being shown paler.]

Lettering.

b. Bivalent. I. A member of the large pair of chromosomes, n.

Nucleolus, p. Ex-conjugants in the act of pairing for the second time.

8. Conjugants separating, u. Univalent.

Fig. 1.—Resting spermatogonium from one of the earlier generations,

showing diffuse substance filling the nucleus and largely concealing the

chromatin. Corrosive-acetic.

Fig. 2.—Spermatogonium from one of the earlier generations of the

period of active multiplication. Flemming.
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Fig. 3.—Spermatogonium, very early prophase. Chromatin blocks

beginning to break up and spread out into bands. Corrosive-acetic.

Fig. 4.—Spermatogonium, later prophase. The individual chromo-

somes are in many cases clearly definable. Corrosive-acetic.

Fig. 5.—Spermatogonium, fully formed spireme stage. The “spireme,”

however, is plainly not continuous. Corrosive-acetic.

Fig. 6.—Equatorial plate of one of the earlier generations of sperma-

togonia. Corrosive-acetic.

Fig. 7.—Equatorial plate of one of the later generations of spermato-

gonia. ]Nos. 1-6 are each a single sharply bent chromosome. Corrosive-

acetic.

[In figs. 8-15 only the chromatin lying close under the nuclear mem-
brane is shown.]

Fig. 8.—Primary spermatocyte at end of growth period. Less than

half the nucleus is contained in the section, so that its full diameter is

not shown. Flemming.

Fig. 9.—Leptotene stage. Flemming.

Figs. 10-12.—Lepto-zygotene stage. In each case only the top of the

nucleus is shown. Fig. 12, a polar view. All Flemming.

Fig. 13.—Zygo-pachytene stage. Chromosomes arranged in bouquet

form. Flemming.

Fig. 14.— Pachytene stage, polar view. Corrosive-acetic.

Fig. 15.—An unusually large pachytene nucleus. The reduced

number of loops is present here (see p. 13). Corrosive-acetic.

Fig. 16.—Polar view of strepsinema (diplonema). Synizesis is

setting in. Most of the pachytene threads have split apart along

their whole lengths (so far as can be seen) with the exception of their

extreme ends, which remain united, thus forming long rings. In some
places, however, the process of splitting can still be seen. One ring is

cut through by the razor, showing two free ends. Flemming.

Fig. 17.—Synizesis further advanced. Flemming.

Figs. 18-23.—Stages showing breaking up of synizesis, shortening

and thickening of chromosomes, complete separation of the ex-conju-

gants and development of the transverse constriction in the univalents.

Described on pp. 16-18. All nuclei, except fig. 21, untouched by

the razor. All in 35—40 fx celloidin sections, mounted without dissolving

out the celloidin. Fig. 20, two adjacent nuclei. In fig. 18 one of the

elements is drawn separately. All corrosive-acetic.

Fig. 24.—Immediately after disappearance of the nuclear membrane.
Thirty-eight free, transversely constricted, univalent chromosomes.

The nucleus is cut in two sections, both of which are shown. Flemming,

paraffin section.
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Figs. 25-28.—Stages in the second pairing of the chromosomes.

Fig. 25.—Twenty-six unpaired univalents, six bivalents, in three of

which (bl-bS) pairing is complete
;
the other three (b4r-b6 )

have united by
one end only. Nucleus intact, in 40 n celloidin section. Corrosive-acetic.

Fig. 26.—Two views of the same nucleus, obtained by turning over

the section (mounted between two coverslips) and drawing from both

sides. In each figure all the chromosomes are shown, but those in the

upper optical section are shaded, and those in the lower half shown only

in outline. b, a complete bivalent
;
1 and 3. 5 and 6, 7 and 8, 9 and 10

pairing chromosomes
;

2 and 4 are probably the large chromosomes.

Untouched nucleus in 40 p celloidin section. Corrosive-acetic.

Fig. 27.—Only two univalents left (ul, u2). fifteen completed bivalents

in the form of rings, and three (one of them 7. the large pair) united by

one end only. 40 p celloidin. Flemming.

Fig. 28.—Pairing complete. Some of the bivalents, to show charac-

teristic shapes and size differences. Flemming.

Fig. 29.—Metaphase I, polar view. Corrosive-acetic.

Fig. 30.—Early anaphase I. Flemming.

Fig. 31.—Late anaphase I. Spindles rotating for second division.

Flemming.

Fig. 32.—A pair of metaphases II. Corrosive-acetic.

Fig. 33.—Anaphase II. Flemming.

Fig. 34.—A nucleus which, after passing through stages of the meiotic

prophase as far as the dissociation of the ex-conjugants. is entering into

a resting stage instead of proceeding to mitosis. The nucleus is cut in

two sections, both of which are shown. Thirty-seven chromosomes are

seen. In addition there was one more lying outside the nucleus, having

evidently been displaced by the razor. 40 p celloidin section. Corrosive-

acetic.

Fig. 35.— '• Resting ” stage more complete. Thirty-eight chromo-

somes present. This nucleus is just shaved at both surfaces, and two

chromosomes, one at the top and one at the bottom, have been added

from the preceding and succeeding sections. 30 p celloidin section.

Corrosive-acetic.

Fig. 36.—Part of a similar “ resting ” nucleus from a spermatogonial

prophase. Corrosive-acetic.

Fig. 37.—Transition of spermatocyte like that shown in fig. 35

into an oocyte-like condition. Nucleus not intact, several chromosomes

being in the next section. Zeiss 3 min. apochr., 12 comp. Corrosive-

acetic. 40 p celloidin.

Fig. 38.—Oocyte characters fully assumed, spm. Spermatogonium.

spc. Spermatocytes I. or. Oocyte. Zeiss D. 2. Corrosive-acetic. 40 p

celloidin.







Quart. Journ. Micr. Sci. Vol. 57. A.S.,

^A

Spermatogenesis of Lepidosiren.
Amiri & Sleigh, Ltd.







Spermatogen es
WE.A. clfit.



Quart. Journ. Micr. Sci. Vol. 57, N.S., PI. 2.

[|OF Lepidostrkn.

Audit* S' SIfifth. Ltd.



.





WE.A. (kit.

Spermatogen



Quart. Journ. Micr. Sci. Vol. 57, N.S., PI- &

m %
%

i
•j '"*j

*

Atidri & SIciAh. l td.

s of Lepidosiren.







Spermatogene.4
WE.A. delt



Quart. Journ. Micr. Sci. Vol. 57, N.S., PL 4.

of Lepidostfen.
Amiri & Skifih. Ltd.







W.E.A. dclt.

Spermatogenes
f



Quart. Journ. Micr. Sci. Vol . 57, N.S. , PL 5.

f Lepidosiren.

Amin1 & Sleigh . /./</.





STUDIES IN THE EXPERIMENTAL ANALYSIS OE SEX. 45

Studies in the Experimental Analysis of Sex.

Bj
Geoflrey Smith, UI.A.,

Fellow of New College, Oxford.

(From the Department of Pathology, University of Oxford.)

With Plates 6-9 and 5 Text-figs.

Part 6.—On the Cause of the Fluctuations in Growth of the

Fowl’s Comb.

In Part 5 of these studies (‘ Quart. Journ. Micr. Sci./ vol. 56,

pt. 3, 1911, p. 591) some observations on the fluctuations in

size of hens’ combs were recorded, which showed that in adult

as well as in young hens the area of the comb may increase

or decrease with great rapidity, the greatest increase recorded

being 130 per cent, within three weeks. It was proved that

these striking fluctuations were independent of any experi-

mental treatment, that they did not correspond with a

general increase in weight, and that they appeared to coin-

cide with the egg-laying periods.

The object of this paper is to prove that the correspondence

of the comb-increase with egg-laying is invariable, thus con-

firming by accurate measurements the rough empirical rule

by which poultry breeders are accustomed to predict when a

hen is about to lay. We shall also show that these rapid

fluctuations are characteristic of hen birds, and that they are

due to a fatty infiltration of the central core of the comb
taking place just before egg-laying commences. Before

VOL. 57, PART 1.—NEW SERIES. 4
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proceeding to the proof of these facts, it may be mentioned

that the object of Part 5 was to show that the injection

of testis-extract had no effect on the comb-increase in the

hen, normal control hens giving as wide fluctuations as the

experimental birds. The greatest increase in any injected

bird was 113 per cent.; the greatest increase in a control

bird was 130 per cent., but it appears that this figure does

not by any means indicate the limit of increase in a normal

adult two-year-old hen, since the same bird has subsequently

shown an increase of 201 per cent, within one month.

The fact that the comb-increase corresponds to the egg-

laying periods has been proved on two classes of birds : firstly

in quite young birds laying for the first time, and secondly, in

adult two-year-old birds.

The curves shown in Nos. 1-9 (see Plates) record the

increase in comb-area during 119 days of nine young Bankiva

hens which were three months old at the beginning of the

observations. The period when the egg-laying began is

indicated on the curve by the upright lines, the line to the

left showing the date of commencement, the 'line to the right

the end of the period. It will be seen in every case that the

curve takes a sudden and rapid rise just before, or coinci-

dently with, the laying of the first egg. Curve No. 3 is seen

to be a little irregular, the egg-laying period being broken

up into three, a distinct fall in the size of the comb being

recorded between the first and second short periods.

Nos. 10 to 13 (see Plates) refer to adult two-year-old

birds, the observations extending over a longer period and

registering more than one egg-laying period. Nos. 10, 11,

and 12 are of adult Bankiva hens, and they show very clearly

the close correspondence between comb-increase and egg-

laying as indicated by the upright lines. No. 13 refers to a

white Leghorn fowl and the same correspondence is clearly

shown. Similar records for three other white Leghorns

might be given, but the evidence afforded by the thirteen

curves depicted is amply sufficient to prove our point.

It will be seen that the time of year has really nothing to
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do with the comb-increase, the whole phenomenon being con-

trolled by the periods of egg-laying.

A record was also kept of the weight in grammes of the

birds under observation, but it was found that the sudden

increase of the comb was not accompanied by an increase in

general body-weight. An increase in body-weight generally

comes some time before the comb shows its rapid growth, but

while the comb-growth is proceeding the body -weight

remains stationary or may even sink.

Having established the close correlation between comb-

increase and egg-laying, an inquiry was made into the

processes occurring in the comb duriug the remarkably rapid

growth periods. If sections are made through the comb of

a hen which has recently exhibited a rapid increase, it will

be found that the central core of the comb consists of a mass

of solid fat, which has completely infiltrated the loose connec-

tive tissue usually present in this situation (Text-figs. 1 and 4).

Immediately underneath the external epithelium of the comb
numerous blood-capillaries are seen cut across, and the walls

of the comb are found to consist of fibrous connective tissue.

If, now, we take similar sections through the comb of a hen

which has recently been decreasing in area (Text- fig. 2), we
shall find that the central core is smaller and no longer con-

tains a solid mass of infiltrated fat, but only comparatively

few and small fat-globules. The connective-tissue walls of

the comb, on the other hand, are not found to have conspicu-

ously diminished in size. The blood-capillaries under the

epithelium are fewer in number and more reduced. It is

clear, then, that the chief cause of the increase in size of the

comb is a fatty infiltration of its central core, and to a much
less extent a. greater blood supply. Let us now compare the

condition in a normal cock bird (Text-figs. 3 and 5). Here it

is seen that the central connective-tissue core (c.) is small

relatively to the fibrous connective-tissue walls (/.) of the

comb, and that it contains a very few small globules of fat

compared to the comb of a female bird. The blood capillaries

[y.\ lying under the epithelium (eji.) form a richly vascular
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Text-fig. 1.—Transverse section through the comb of a Bankiva
hen during an egg-laying period.

Text-fig. 2.—Section of a similar hen in a non-laying period, after

decrease of comb.
Text-fig. 3.—Section of comb of cock of similar age and breed

as foregoing.

Text-fig. 4. Text-fig. 5.

Text-fig. 4.—Enlarged portion of section given in Text-fig. 1

;

female comb.
Text-fig. 5.—Enlarged portion of section given in Text -fig. 3;

male comb. c. Central core. ep. Epithelium. /. Fibrous
connective tissue, v. Vascular area.

Sections stained with osmic acid or Sudan III to show fat.
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network. The principal difference between the comb of

a cock and of a hen lies in the fact that the former consists

principally of tough fibrous connective tissue and is highly

vascular, and this is the reason of the erect carriage and

bright red colour of the cock’s comb. The hen’s comb, on

the other hand, is not quite so vascular, and has the central

core loaded with infiltrated fat, especially at the breeding

periods. Hence it has a. tendency to droop over when it

becomes large and heavy, as the fibrous walls are not power-

ful enough to support the weight of the fat.

The cock’s comb does not exhibit the striking and rapid

periodic fluctuations in size characteristic of the hen’s comb

at the breeding times. At a very early age the cock’s comb

begins to increase steadily and slowly, so as to outstrip that

of the young hen of the same age and breed, but after it has

attained its full size it does not undergo any marked altera-

tions in size unless as the result of ill-health. We have

shown that the fluctuations in the hen’s comb are due to

rapid deposition or abstraction of fat from the comb, and

since this fat is practically absent from the cock’s comb it is

easily intelligible why the cock’s comb does not undergo any

rapid alterations in size.

The conclusions to be drawn from this study of the hen’s

comb are of considerable importance for our attempt at

analysing the changes occurring in the animal body at

periods of reproductive activity. At the time when the

female bird is forming the large-yolked eggs, and is presum-

ably tranferring large quantities of fatty material to the

ovary, we observe a change in one of its bodily organs—the

comb—due to a deposition of fatty material in it. The blood

at this time is probably charged with an excess of fat or

yolk-forming material, and this excess which is not taken up

by the ovary is deposited in the subcutaneous tissue of the

comb, and probably in other situations as well. A correla-

tion is therefore established between the comb and the ovary,

which is due, not apparently to any specific internal secretion

or hormone elaborated by the ovary, but to the blood becoming
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charged with yolk or fat materials which simultaneously

affect both ovary and comb.

Now this is exactly the process which we deduced as

occurring in the spider - crabs attacked by the parasite

Sacculina, which assume adult female characters owing to

the circulation in their blood of yolk materials similar to that

which is stored by the normal female crab in its ovaries at

maturity
(

c Quart. Journ. Micr. Sci./ vol. 55, p. 233). The

parasitised crabs, both male and female, do not possess an

ovary, but the Sacculina forces them to elaborate the yolk

material, and the presence of this substance in the blood acts

as the stimulus for the development of the adult female

secondary sexual characters.

It is of considerable interest to find such closely parallel

facts in such widely different animals as Crustacea and birds.

In both cases we find that the stimulus for the development

of secondary sexual characters does not emanate from the

ovary, but that it consists in the presence of fatty materials

in the blood elaborated elsewhere and in process of being

conveyed to the ovary. That the seat of formation of this

fatty material is the liver occurs to us ns a natural hypothesis,

and it will be fully substantiated in succeeding studies.

Summary.

(1) The rapid and marked increase in area of the hen’s

comb is proved both in adult and young hens to occur

simultaneously with the periods of egg-laying.

(2) This increase of the comb in the hen is due to a fatty

infiltration of the central connective-tissue core of the comb;

the decrease in the comb is due to the abstraction of the fat.

The cock’s comb only contains small quantities of fat com-

paratively in the central core, the substance of the comb

consisting principally of fibrous connective tissue. The cock’s

comb does not exhibit marked fluctuations like the hen.

(3) The increase in the comb is not accompanied by a rise

in general body-weight, though such a rise usually occurs

some time before the increase and fat deposition occur.
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(4) The explanation of the fatty infiltration of the comb is

found iu the fact that at the egg-laying periods the blood

becomes charged with fatty material which is conveyed to

the ovary for the formation of yolk, and that the excess of

this fatty material is deposited in the comb.

(5) A close parallel is observed in the fat metabolism of

the laying hen and of spider-crabs parasitised by Sacculina.

EXPLANATION OF PLATES 6-9,

Illustrating Mr. Geoffrey Smith's “ Studies in the Experi-

mental Analysis of Sex."

Nos. 1-9 refer to young Bankiva liens, three months old at the

beginning of the observations.

Nos. 10-12 refer to adult Bankiva liens, two and a half years old.

No. 13 refers to a white Leghorn hen, two and a half years old.

The curves give the increase in area of the comb measured in square
millimetres during a varying period of days. Tlie egg-laying periods

are indicated by the vertical lines enclosed above in brackets.
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1. General Introduction.

During the last two years we have been engaged in some

work on the caecal parasites of the fowl, and although we do

not feel that our work is complete, we have decided to

publish some of the results we have obtained.

In recent years there seems to us to have been a tendency

to regard the life-cycle of parasitic flagellates as a subject on

VOL. 57, PART 1. NEW SERIES. 5
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which the most hazardous speculations can be put forward,

and these, unfortunately, crystallise only too soon into the

well-known protozoon life-cycles of the zoological text-book .
1

Although we do not feel justified in putting forward a

complete life-cycle in the case of any of the forms described

Text-pig. 1.

Chilomastix gallinarum, showing the four free flagella,

hlepharoplast, well-developed pharynx, and nucleus.

Abbreviations.

—

Ax. Axostyle. Bl. Blepliaroplast. b.g. Basal

granules. Chr. B. Chromatic blocks. Chr. L. Chromatic line. Cyt.

Cytostome. F. Free flagellum. Ka. Karyosome. M.F. Membrane
flagellum. Nu. Nucleus. Ph. Pharynx.

1 In this the first part of our paper we only deal with the morphology

of the flagellate parasites we have found. In the second part we give

an account of the other animal parasites and of the results obtained

from new infections.
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below, we feel that we are justified in publishing the results

obtained for the following reasons :

(1) Our preparations were always made from the wall of

the cavity containing the parasite, and not simply from the

content of the cavity. Owing, we believe, largely to this

fact, we have not only obtained a far more complete series of

Text-fig. 2.

Trichomonas gall inarum, showing four free flagella, mem-
brane flagellum, blepliaroplast, cytostome, nucleus, chromatic
blocks, and chromatic line.

division of the active forms that seems to have fallen to the

lot of the earlier workers on similar forms, but we have also

got an interesting series of new stages which must, we are

convinced, play an important part in the final construction of

the life-cycle of these forms.

(2) Owing to the ease with which it is possible to obtain

newly hatched chicks and keep them free from all animal
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parasites, we have obtained some really trustworthy data as

to the course run by new infections of these forms.

Text-fig. 3.

Trichomonas Ebert lii, showing three free flagella, mem-
brane flagellum, blepharoplast, cytostome, nucleus, chromatic
blocks, chromatic line, and axostyle.

Until, of course, the whole life cycles of these animals are

known, the breaking up of the complex series of forms

inhabiting the caeca of fowls into good species is a matter of

great difficulty. However, it must be remembered that the
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same difficulty has to be met in the case of a vast majority of

free-living flagellates, and, probably, in that of all the free-

living Amoebae
;
and partly by means of pure infections

obtained in our series of infected chicks, and partly by com-

parison with similar parasites in other vertebrates, we have

obtained evidence which we believe justifies us in dividing

Text-fig. 4.

Trichomastix gall inarum, showing four free flagella,

blepharoplast, cytostome, nucleus, chromatic blocks, chromatic
line, and axostyle.

the animal parasites found in the cseca of fowls into the

following species. [The evidence on which this division is

based will, of course, be found in the special part of the

paper.]

(1) Cliilomastix gallinarum (sp. nov.).

(2) Trichomonas gallinarum (sp. nov.).

(3) Trichomonas Eberthi (sp. nov.).

(4) Trichomastix gallinarum (sp. nov.).

The chief poiuts of resemblance and difference between the
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typical active forms of these flagellates are shown in the

following table, and the nomenclature that we have adopted

for the various parts can be seen in the text-figures.

The literature upon rectal protozoan parasites has in recent

years attained such dimensions that it is impossible to give

here a detailed historical account of the work done by other

observers. Under these circumstances, we have decided to

content ourselves with discussing in our final summary the

more obvious differences between our results and those of

earlier workers on other forms. On the other hand, the

literature dealing specifically with the protozoan fauna of the

alimentary tract of the fowl is very limited, and as we

have already discussed it fairly fully in our preliminary

account of these forms, we need here only refer to one or

two essential points.

Eberth, in 1862, first described these flagellate parasites

from the caecum of the fowl as “Ein kleines Infusorium,

though he did not give them any name.

Stein, in 1878, first put forward the view that these para-

sites were Tricliomonads in which the anterior flagella had

been overlooked, and Leuckart, in the second edition of his

book, ‘ Die Parasiten des Menschen/ arrived at the same

conclusion. (In his first edition he placed these forms in a

new genus—Saenolophus.)
This view of the Trichomonad affinities of these forms

was later disregarded by Saville Kent in his monograph of

the Infusoria (1881), where the name of Trypanosoma
eberthi Avas given to these flagellates, and in this vieAV he

was followed by Biitschli (1889). Most of the later Avorkers

on parasitic flagellates— Doflein, Laveran, Mesnil— have

regarded these parasites as Trichomonads, but haA^e not fur-

nished any evidence in faArour of this view. Liihe, in a short

note in Mense’s * Handbuch der Tropenkrankheiten/ has

changed the name from Trypanosoma Eberthi to Spiro-

chaeta Eberthi, probably on account of Eberth’s original

figures, in which the only part of the animal that is clearly

shoAvn is an undulating membrane. It is evident, Ave think,
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[from the facts mentioned below, that all these names

—

: Sa'enoloph us (Stein), Trypanosoma Eberthi (Kent),

and Spirochaeta Eberthi (Liihe) must now lapse.

2. Cjeca op Fowls.

Before proceeding to the special part of the paper it will

be necessary to give a short account of the caeca of the

intestine of fowls, since it is this portion of the alimentary

tract to which these parasites seem to be confined.

According to Newton
(

f Dictionary of Birds/ p. 18), ‘‘it

is highly probable that originally all birds possessed caeca,

and that according to the diet these were either further

developed or reduced in size, or even lost ultimately/’

In the case of the fowl the caeca are two blind sacs, rather

variable in size, arising at the proximal end of the rectum.

As a general rule the two caeca are found in a distended

conditon, and it would appear that almost the whole process

i of faeces formation in the fowl takes place in these organs.

In the early stages of this process the caeca are filled with

a light yellowish, rather fluid mass, which appears to be

identical with the content of the intestine. In the later

stages the content of the caecum becomes gradually darker

and more solid, acquiring at the same time the typical faecal

odour.

It may be well to point out that during early stages of

faeces formation the rectum, i. e. the portion of the alimentary

tract below the opening of the caeca, is always empty, and it

is only in the later stages where the caecal content has already

acquired the characteristic faecal appearance that anything is

found in the rectum itself.

We had hoped that it might be possible to associate certain

stages in the parasites with stages in this conversion of the

caecal content into the faeces. In this we have not been

successful. On the other hand, there is a very distinct and

characteristic change in the appearance of the bacterial flora

during this process of faeces formation, to which we will

return in a later part of the paper.
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There is one interesting point in regard to the cteca of

the newly hatched chick at a time before the yolk-sac is

completely absorbed and before the animal has began to

take food. In these cases the caeca are periodically filled

with a bright green fluid, which gives all the characteristic

reactions for bile-pigment. It would seem to us, therefore,

that the caeca must play an important part in the economy of

the fowl, since even in these young chicks, in which the

intestine is practically empty, and the only stuff passing down

is presumably the bile, every trace of this is collected for

some time in the caeca on its way to the exterior.

3. Methods.

It is a common complaint amongst workers on rectal

parasites that division forms are relatively rare : e. g. Dobell,

in his paper on the “Intestinal Protozoa of Frogs and Toads,”

says regarding Trichomastix batrachorum, on p. 209,

“stages in division are very difficult to find”; and again, as

regards Trichomonas batrachorum, on p. 217, “I have

not found so many division stages in Trichomonas as in

Trichom as tix, but the likeness between them is so great

that I have little doubt that they correspond almost identi-

cally.

^

And, in fact, one of the most recent workers on these

forms—Bensen, in his paper on “Trichomonas intesti-

nalis und vaginalis des Menschen ”—only refers to the

possibility of division of the active flagellates in the following

passage, p. 122: “ Daneben konnen auf dem Amoboidstadium

und irn Anfang der Cysten bildung, nach friiheren Beobachtern

auch im Flagellatzustand, Vermehrungen durch gewolinliche

Zweiteilung stattfinden.”

This is, we believe, largely due to the fact that the smears

used by these workers were made from the rectal content,

whereas, as far as can be found in the fowl and the fish

which we have examined, the chief dwelling-place of these

parasites is in the layer of mucus separating the gut content
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from the wall, and, at any rate in the fowl, most of the

division stages occur in the actual crypts of the wall itself.

The method we adopted in the examination of our fowls

was to open up the caecum, and after cutting away a portion

of the caecal wall to smear it on the surface of a clean cover-

slip. The smears were then plunged into a tube containing

either strong* Flemming or corrosive acetic.

Both fixatives gave excellent results. The Flemming smears

were washed out, according to the method recommended by

Overton, with a solution of a little hydrogen peroxide in

70 per cent, alcohol, while the corrosive smears were washed

out with a weak iodine solution in 70 per cent, alcohol.

The most serviceable general stains were found to be dilute

acid Mayer’s haemalum counter-stained by eosin, though

in addition we made use of a large number of preparations

with other stains, e. g. iron-haematoxylin, Gfiemsa, Twort,

Delafield’s haematoxylin, borax carmine, alum carmine,

safranin, methyl green; and as counter-stains we also found

orange Gf., Licht-griin and picric acid, and picric acid alone,

valuable.

Sections were found only to be of value asv an indication

of the distribution of the parasites in the gut. As has already

been stated, the great advantage which the fowl offered over

all other animals for the study of these gut parasites seemed

to us to lie not only in the great ease with which it was

possible to obtain uninfected individuals from eggs hatched

in incubators, but also in the fact that it was quite easy to

keep the young chicks free from all animal infection for

weeks. As far as we are aware none of the other animals

which has hitherto been used for work on similar parasites,

viz. the frog, lizard, mouse, man, is so easily handled
;

since,

in the first place, with the fowl it is quite easy with suitable

incubators to get a practically unlimited supply of uninfected

material almost throughout the year; secondly, the animals

can be easily kept in a healthy condition on sterilised food ;

thirdly, the caeca in young chicks are just a convenient size

to handle, and they are not too big to prevent the fixed
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smears representing* a very faitliful picture of the actual

state of infection. To the results obtained by this method

we return in the second part of our paper.

4. Chilomastix Gallinarum.

As will be seen from the table of infected fowls in Part II

of this paper, this clearly marked species is a relatively rare

parasite ot' fowls, but in those individuals in which it occurs

it is always abundant.

For example, in No. 5, which is one of the chicks obtained

from Llanfoist, the caeca! smears are one mass of Chilo-

mastix gallinarum, which was, in fact, the only flagellate

present, although neither of the other chicks which were

obtained at Llanfoist at the same time showed any trace of

the parasite.

In addition to its well-marked morphological characteristics,

Chilomastix gallinarum is sharply marked off from the

other flagellates in the fowl by two features in its behaviour.

In the first place, the division stages which are so common
in the other flagellates, are, even in fowls well infected with

this form, relatively rare.

Secondly, the encystation stages, which in other flagellates

are extraordinarily rare, are, in the case of Chilomastix,

actually common.

Chilomastix gallinarum can readily be recognised in

live smears by its relatively large size, its spherical form, and

large number of ingested bacteria. It moves on the warm
stage fairly rapidly, in a rotary fashion. The body of the

active Chilomastix is roughly spherical, though sometimes it

is prolonged at the aboral end into a pointed tail. The body

measures, roughly, on an average 9 /m by 7 ft, though larger

and smaller forms are to be met with (PI. 10, figs. 1-4).

From the anterior end of the body there are four fairly

large flagella arising from a mass of darkly staining basal

granules—the blepharoplast complex. It seems probable

that there are four granules in all, and that each flagellum
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arises from a separate granule. Near the origin of the

flagella is the opening of the well-developed pharynx, which
is one of the most characteristic features of this genus, and,

as will be shown later, serves as a control in the case of

doubtful encysting forms.

The pharynx is roughly horn-shaped, the narrow portion of

the horn running back to end in the cytoplasm. The inner

side of the pharynx, i. e. the side towards which the nucleus

is applied, projects into the lumen of the pharynx as a well-

marked rib
j the cytoplasm has rather a loosely vacuolar

appearance, and in active specimens is crammed with large

food vacuoles containing bacteria.

The nucleus in the active animal is very characteristic,

both as regards its appearance and position. It consists of a

large vacuole containing well-developed chromatic masses,

but the greater portion of the chromatin is condensed upon

the nucleus wall.

The nucleus lies near the anterior pole of the animal, in

close proximity to the opening of the pharynx, so that in

the majority of specimens it obscures the origin of the four

flagella. v

As we have remarked above, we have not been able to

obtain nearly as complete a series of divisions in the case of

Chilomastixas in that of the other flagellates. Still, as will

be seen from the figures of PI. 10, the main outlines of the

process are fairly clear. Division in Chilomastix is clearly

transverse to the longitudinal axis of the animal’s body.

An early stage is seen in PI. 10, fig. 5. Here the

blepharoplast complex has already divided, and two basal

granules, bearing two flagella, have passed to a position near

theanimal’s posterior pole, where there is already an in-sinking,

the first sign of the new pharynx. It seems probable that

the new pharynx arises as a bud from the old one.

The nucleus has already divided, and it is interesting to

note that each of the daughter-nuclei appears to contain the

same number of chromatin masses.

In the still later stages of division (PI. 10, fig. 6) the new
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pharynx is well developed, hut there is as yet no sign of the

outgrowth of new flagella. It is possible that the pointed

form (PI. 10, fig. 2) represents an individual which has just

undergone division.

Ency station.—The earliest stage of encystation that

we have found is shown on PI. 10, fig. 7. The form here

figured still preserves the rounded shape characteristic of the

active individual, but the flagella have disappeared, and the

pharynx is still well developed.

In the next stage (PI. 10, fig. 8) the animal has become much
smaller, and at the same time more oval, and a delicate wall

has been secreted from its periphery. The remains of the

blepharoplast are no longer to be detected, but it has possibly

been absorbed into the nucleus, which has now passed from

its former anterior to a more central position.

In the next stage the cyst has practically assumed its

definite shape. The nucleus has undergone a good deal of

shrinkage, leading up to the solid, darkly staining mass seen

in the ripe cyrst (PI. 10, fig. 10). The changes undergone in

the pharynx during this process are rather ditficult to under-

stand. It seems probable that, at any rate in the majority of

cases, the thickened lining of the cytostome becomes

loosened, and springing out of its original curved shape, lies

as a darkly staining line running down one side of the cyst.

A darkly staining cap at the anterior pole of the ripe cyst is

due to a local differentiation of the cyst-wall. The whole of

this process of encystation takes place in the cascum, and
ripe cysts have been found in the faeces some time after

deposition. No trace of a sexual process has yet been found

in this cycle.

In connection with this form we should like to draw
attention to what is apparently a closely allied species, which

was found by one of us to be very common in the rectum of

the Saithe, Gad us virens, at Millport. It agrees closely

with Chilomastix gallinarum, except for the fact that

the terminal point is far more developed. We figure this

animal in the second part of the paper.
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5. Trichomonas Gallinarum.

Trichomonas gallinarum, as will be seen from the

table, is one of the commonest flagellate parasites of the

fowl.

It is rather variable in size (5’4—7 fi long by 5-6 /i wide).

Usually the form is more or less spherical, but sometimes the

longitudinal axis of the body is considerably elongated (cf

.

PI. 11, figs. 11, 12).

At the anterior end four free flagella arise from a complex

blepharoplast, and another flagellum, with a similar origin,

passes down one side of the animal, attached to a fairly well-

developed membrane, ending freely posteriorly.

Arising from the blepharoplast, and passing down under

the membrane is a darkly staining line. This has been termed

by Dobell in the case of Trichomonas batrachorum the
“ chromatic base ”

of the membrane, but we are inclined to

regard this structure as homologous with the line found in

Trichomastix gallinarum, and therefore would prefer to

use the term “chromatic line.” We return to the very

important part played in division by this structure in a later

part of the paper.

Lying parallel to the line and between it and the base of

the membrane there are, in the vast majority of cases, a

number of well-marked blocks, which stain readily with

chromatic stains. Similar blocks have been found in some,

species of trypanosomes, Trypanoplas ma, Trichomonas,
Trichomastix, and Trypanophis.
Hear the origin of the flagella there is the aperture of a

short curved pharynx. This is not nearly so well marked in

this form as in the species which we describe under the name
of Trichomonas Eber t lii, and can only be seen in favourable

specimens.

The nucleus is typically a fairly large oval structure and

seems to contain a large quantity of closely packed chromatin

granules, but there is a form of nucleus, the significance of
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which is not fully understood, in which nearly all the

chromatin is condensed on a large central karyosome. This

form has been hitherto especially met with in recent infections.

A slender axostyle is sometimes found in this form.

Our series of divisions for this form is fairly complete, and

we think that it shows clearly that in its early stages division

may occur in any one of three planes. These divisions may
be termed respectively longitudinal, transverse, and oblique.

The determining factors between these three forms of division

appear to be : (1) direction of division of the blepharoplast

complex; and (2) direction of the outgrowth of the new
chromatic line. In all three cases the first process consists

in the separation of the basal granules forming the blepharo-

plast into two moieties, each of which retains two of the

original free flagella. The two new blepharoplasts arising in

this way are connected by a darkly staining chromatic band. 1

One of the new blepharoplasts retains its old position and its

connection with the old chromatic line and the old membrane
flagellum. The other new blepharoplast moves away in a

direction which is either at right angles or parallel to the

longitudinal axis of the animal. From this blepharoplast a

new chromatic line quickly grows out, and it will be seen

from PI. 11, figs. 15-30 more clearly than from any lengthy

description that the initial plane of division depends largely

upon the direction of the outgrowth of the new chromatic

line. If, as in the cases PI. 11, figs. 15— 17, the line connecting

the new blepharoplasts is at right angles to the longitudinal

axis of the animal, and the new line grows out parallel to,

and in the same direction as the old line, the division may be

fairly described as longitudinal. If the line connecting the

new blepharoplasts is parallel to the longitudinal axis of the

animal’s body, and the new line grows out parallel to, but in

the reverse sense to the old line, the initial stages of the

division are transverse (PI. 11, figs. 18-24). If, finally, the

1 This band has been regarded by other workers on similar forms as

the axostyle. We can find no evidence for this view in this form, but

we return to this point in our final summary.
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line connecting the blepharoplasts is transverse to the longi-

tudinal axis of the animal, as in the first case, but the new
line grows out at right angles to the old line, the initial

stages of division may be described as oblique (PL 11,

figs. 25-27).

As regards the details of the division process, there seems

to be a complete harmony between all three methods, though

at the same time there is clearly a certain amount of time

variation in regard to the various details of this process even

in specimens undergoing a similar type of division. The

general behaviour of the blepharoplast complex and the chro-

matic line has already been noted above, but it is necessary

here to point out that we are completely in the dark as to the

manner in which the chromatic blocks get re-arranged in the

course of division. There seems to be some reason to believe

that in the early stages of division the chromatic blocks

become scattered throughout the cytoplasm, but it is quite

clear from PI. 11, figs. 21 and 24, that in the later stages of

this process they have again attained their characteristic

position under the base of the membrane flagellum.

The new membrane flagellum seems to grpw out rather

rapidly from the new blepharoplast at some fairly early period

in the division process. The behaviour both of the membrane
flagellum and the chromatic blocks during division present

very sharply marked differences from the behaviour of the

similar structures in Trichomonas Ebert hi during this

process. The two new free flagella in each of the division

products grow out as rather thick, black processes from the

blepharoplast complex. The stage at which this grows seems

to show a certain amount of variability (see PL 11, figs. 28 and

26). The band joining the divided blepharoplasts seems to

act as a sort of guide to the division of the nucleus, since it

is always parallel to an imaginary line joining the two new

nuclei; in fact the relation between the band joining the

blepharoplasts and the dividing nuclei seems to be a very

intimate one, and to have certain points of resemblance to

some of the phenomena seen in the mitosis of a typical
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metazoan nucleus. On the other hand, we wish to emphasise

the fact that there is no evidence for regarding the process of

nuclear division in this form as anything but an arnitosis. It

would seem that in the later stages of division separation of

the cytoplasm may proceed more rapidly either at the anterior

or the posterior pole, and this would explain such appearances

as are shown in PI. 11, figs. 29 and 30, since here we have

what we must regard as two late stages of a longitudinal

division, which, however, are clearly not successive. In PI. 11,

fig. 29, the in-cutting is proceeding more rapidly at the posterior

pole, with a result that the two individuals will, at a slightly

later stage, lie in a head-to-tail position, whereas in PI. 11,

fig. 30, the in-cutting is proceeding more rapidly from the

anterior end, and the two new individuals will lie tail to

tail.

The last two figures of Trichomonas gallinarum (PI.

12, figs. 31, 32) are given to show apparent longitudinal

division resulting in both individuals possessing the relatively

rare type of nucleus with a distinct karyosome. Whether

these forms are destined to play some peculiar part in the

life-cycle of the animal is a question which must remain for

further work. It is interesting to note that in both these

cases the forms possess axostyles, which from their position

can hardly have played the important role in nuclear division

which has been ascribed to them by some workers.

It will be evident that Trichomonas gallinarum
resembles very closely the form described by Prowazek from

the lizard.

So far all our attempts at finding any process resembling-

conjugation have failed. We have found in very large numbers

a structure which we must regard as identical with the cyst

described by Prowazek, but the cysts by which we find that

infection is effected are of a different nature from those

described by Prowazek.

To the question of the real nature of this structure we will

return in a later part of the paper.

6VOL. 57, PART 1. NEW SERIES.
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6. Trichomonas Eberthi.

The features which characterise the second Trichomonas

form inhabiting the caeca of the fowl have already been

mentioned on p. 59, but as in the case of this form we have

to deal with a new factor, a rather complicated form change,

the equivalent of which has not been met with in Tricho-

monas gallinarum, we have been forced to divide our

description under the following heads :

(1) The typical active Tricho monas Eberthi.

(2) The division of the active form.

(3) The resting stage.

(4) The intermediate stages between the resting and the

active form.

The Typical Active Trichomonas Eberthi.

The body of Trichomonas Eberthi is, roughly, of a

carrot-shape, measuring, on the average, about 9 ju long by

4-6 fi broad at its widest point.

Arising from the blunt anterior end there ar§ typically three

long free flagella and a membrane flagellum, which runs back

in connection with a very broad membrane along the side of

the animal, to terminate freely beyond the animal's posterior

end (PL 12, fig. 33). Near the blunt anterior end a small

horn-shaped cytostome is frequently found.

The blepharoplast lies near the anterior end, and consists

probably of four darkly staining granules, each of which

gives rise to a flagellum. Starting from the blepharoplast,

rind running back along the base of the membrane to the

animal’s posterior end, there is a very darkly staining*

chromatic line.

One of the best-marked differences between Tricho-

monas Eberthi and the previously described Trichomonas
gallinarum is given, as was stated on p. 59, by the arrange-

ment of the chromatin blocks. These blocks are here much

larger and more definite structures, and are arranged in an
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irregular double row near the anterior end. They lie over

the nucleus in such a way that if the side of the animal down
which the line and membrane run be regarded as dorsal, then

the blocks are always on the animal’s right side. A large

and well-developed axostyle is always present. It arises

apparently from the blepharoplast, and after a slightly

sinuous course ends in a sharp point beyond the animal’s

posterior end.

The nucleus is a markedly elongated oval structure, and

the chromatin is distributed in a coarse meshwork through

the substance of the nucleus, showing usually some tendency

to become concentrated on the nuclear wall.

Division of the Active Form.

The process of division seems to be always longitudinal.

The first indication of division is usually seen in the division

of the blepharoplast complex, but as the two new blepharo-

plasts may remain in close contiguity during the early stages

of this process, the first obvious sign of division is given by

the outgrowth of the new chromatic line (PI. 12, figs. 36, 37).

The new chromatic line in Trichomonas Eberthi always

grows out parallel and in the same sense as the old line, and

there is no trace of the chromatic band joining the blepharo-

plasts which was so characteristic of the dividing forms of

Trichomonas gallinarum.

The new membrane is formed as an outgrowth down the

new line (PI. 12, fig. 40), but the behaviour of the free

flagella during division is a little more difficult to under-

stand.

As has been previously pointed out, the vast majority of

active Trichomonas Eberthi bear three free anterior

flagella. In the division of these forms it seems probable,

from a study of stages resembling PI. 12, fig. 40, that two of

the old free anterior flagella pass in the division of the

blepharoplast complex to the moiety of the blepharoplast

which gives rise to the new chromatic line, the other free
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flagellum, with the old membrane flagellum, persisting in its

connection with the other moiety of the blepharoplast. The

new free flagella., one in the case of the former individual

and two in the case of the latter, are probably formed by

splitting from the edge of the membrane flagellum (compare

PI. 12, fig. 31). This splitting process, as will be seen later,

is also met with in the passage from the resting to the active

stage.

We are inclined to regard the relatively rare stages found

with more than three free flagella, and with no other sign of

division, as examples in which the flagellar apparatus has

undergone precocious development in the transition towards

the dividing form (PI. 12, fig. 35).

One of the most characteristic features in the division of

Trichomonas eberthi is furnished by the behaviour of the

chromatic blocks. These at an early stage show a tendency

to become arranged in a single line parallel to, and apparently

in connection with, the axostyle. During the early stages

of division there is a marked tendency of the chromatin in

the nucleus to become condensed into a number of masses.

In early stages the number of these masses se£ms to be eight

(PI. 12, fig. 40), but in later stages there is a tendency for

them to become paired, giving rise to four double masses

(fig. 41). Unfortunately we have no figure showing the

actual state of the nucleus at the time of division, but it is

probable that the latter is a very modified form of mitosis.

We are also unable to supply any really conclusive evidence

as to the behaviour of the axostyle during division, but an

inspection of a large number of stages leads us to believe

that the old axostyle undergoes some process of solution,

starting from its anterior end, followed by a re-formation in

the case of both individuals along the lines of the chromatic

blocks (cf

.

PI. 12, figs. 41, 42, 43). This hypothesis may seem

at first sight rather improbable to those who regard the

axostyle as a relatively permanent skeletal structure, but we
have so often watched the development of the axostyle in

resting forms of Tri cho rn astix gallinarum within acorn-
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paratively short period that we feel that any objection on

this score can carry relatively little weight. On the other

hand, we can certainty find no evidence in this form that

the axostyle plays the important part in the division of the

nucleus which has been assigned to it by some workers on

allied forms.

The later stages in division are shown on PI. 12, figs. 43, 44.

In addition to the active forms of Trichomonas Ebert hi,

relatively rare true resting forms are also met with.

A typical restiug form is figured (PI. 13, fig. 45), in which

the nucleus, blocks and well-developed chromatic line are

quite normal, but there is no trace of the flagella. These

forms are in life characterised by a peculiar movement,

during which a conical wave of protoplasm travels slowly at

regular intervals down one side of the animal. Every stage

can be found between such a resting form and the active

Trichomonas witli its three anterior flagella and well-developed

membrane. In the form figured on PI. 13, fig. 46, the mem-
brane is well developed, and in the presumably later stage,

figured in fig. 47, an axostyle is also present.

Part of the changes between such a form as is figured

in PI. 13, fig. 48, and the typical active form have been

followed on the living animal. The new free flagella are split

successively from the edge of. the undulating membrane (cf.

PI. 12, fig. 34).

The new free flagella thus formed at first trail behind the

animal, and it is to this fact we believe that the difference

in movement so often observed in these Trichomonads is due.

In the fully developed Trichomonas the free flagella strike

successively well out in front of the animal, whereas in the

trailing form the free flagella drag behind the animal, and

the whole movement of translation is probably due to the

action of the undulating membrane.

As to the origin of these resting forms, it would be

hazardous in the present state of our knowledge to speculate;

but we should like in this place to draw attention to another

well-marked but little understood series of forms which
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possibly play an important part in the life-cycle of the

Trichomonas. These forms possibly represent some con-

jugation process, but at present we can offer no decisive

evidence upon this point. It is, of course, possible that

they are degenerate dividing forms. They may be tersely

characterised as forms with a double nuclear apparatus and a

double chromatic line, but in which the flagellar apparatus is

degenerate, and finally becomes entirely lost. In the later

stages of this process a number of forms are met with in

which the chromatic lines become twisted into irregular

circles.

The nuclei of the specimen shown in PI. 13, fig. 48, would

appear to be undergoing division, possibly preparatory to

conjugation, and it is interesting to note that forms of this

type with nuclei containing only four chromatic masses

have been found, e.g. fig. 49. On the other hand, it is

possible that the division of such a form as this would give

rise to the resting forms we have previously described.

Against this view, however, it may be noted that on one

occasion we had an opportunity of keeping a living form of

Trichomonas Eberthi, with two membranes and no free

flagella, under observation for sis hours, during which time

there was not only no sign of division, but the animals

became more rounded and lost one membrane. It seems

very possible that it is to such forms as these that Schaudinn

refers on p. 550 in his paper, “ Untersuchungen uber die

Fortpflanzung einiger Rhizopoden ”
(1903).

“Die in fast jedem Darm vorkommende Trichomonas

intestinalis verliert namlich vor der Kopulation ihre Geisseln

und ist dann von einer echten Amobe nicht leicht zu unter-

scheiden, weil sie auch mit stumpf-lobosen Pseudopodien

umherkriecht. ,,

7. Trichomastix Gallinarum.

The body in the fully developed active form of Tricho-
mastix gallinarum is roughly pear-shaped, measuring

about 5 fx long by 3 fi .
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From the anterior blunt end four long free flagella take

their origin.

Running down one side of the body for a distance of about

one third of the animal’s length from the anterior end there

is a single row of darkly staining chromatic blocks, which

seem in most cases to obscure a thin, short, chromatic line.

This line is shown in PI. 13, figs. 52, 53.

The blepharoplast appears to consist of four basal

granules, each of which gives rise to one of the four free

flagella.

The nucleus is an oval, darkly staining mass lying near the

anterior end. Usually the chromatin is scattered more or

less irregularly through the substance of the nucleus.

An axostyle is typically present, taking its origin from the

blepharoplast, to terminate as a pointed rod at the animal’s

posterior end. In addition to the elongate active forms, more

rounded active forms are also met with in which the axostyle

is curved round at its posterior end (PI. 13, fig. 55). In

nearly all these forms, two small darkly staining wedges

are found on either side of the axostyle near its posterior end.

We have been able to get a fairly complete series of

divisions of the active form of Trichomastix gallinarum,

though here again we met with a curious time-variable in the

behaviour of the various parts of the divided organism to

which we have drawn attention above in the account of the

division of the other forms.

The division is here, as far as its initial stages are con-

cerned, a longitudinal one. In the earliest stage of division

that we figure (PI. 13, fig. 57) the blepharoplast complex has

divided, two of the basal granules with their two attached

flagella have remained in the old position near the anterior

pole in connection with the old chromatic line. The other

two, with their flagella, have moved to a new position in a

slightly posterior oblique direction, and have given rise to a

new chromatic line. The two new blepharoplasts are still con-

nected by a chromatic band, which is probably analogous

with a similar structure described in the division of Triclio-
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monas gallinarum. The axostyle is apparently unchanged,

but the chromatic grannies are scattered irregularly through

the cytoplasm at the anterior end of the animal. The nucleus

has become quite round aud the chromatin is now distributed

between the nuclear membrane and the karyosome-like body

lying in the centre of the nucleus.

We have, unfortunately, no stage showing the behaviour of

the nucleus at the moment of division, since in the next stage

which we figure (PI. 13, fig. 58) the nucleus has already

divided. The two new blepharoplasts with their attached

flagella now lie at opposite sides of the animal’s body, which

lias become more rounded. The band joining the blepharo-

plasts is already showing signs of disappearance, but that

this may persist till a much later stage is shown in figs. 59

and 60. The two new nuclei resemble very closely the

nucleus of the preceding fig. 57, since in both cases the

chromatin is divided in a characteristic way between the

nuclear wall and the internal mass. Here, again, in the case

of Trichomastix gallinarum, as in the preceding case of

Trichomonas gallinarum, we have no definite evidence

as to the behaviour of the axostyle during division, but we

believe that here also we have a process of solution of the

old axostyle and the formation of two new ones.

The chromatin blocks in this specimen are still rather

irregularly scattered through the cytoplasm. They seem to

show some tendency towards their formation into two more

or less parallel longitudinal series. In the succeeding stage,

shown in fig. 59, the body of the animal is more rounded,

and a new short flagellum is growing out from the blepharo-

plast in each individual. Each individual possesses a short,

fine chromatic line and an axost}de, and the chromatin blocks

in each case are showing a tendency to resume the arrange-

ment characteristic of the original active individual.

In the next stage (fig. 60) division has proceeded much

further as regards the cytoplasm, but the nucleus is in a con-

dition which we must regard as intermediate between the

round form with the chromatin divided between the nuclear
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membrane and the karyosome, characteristic of the recently

divided nucleus figured and the state shown in fig. 59, i 11

which the chromatin is assuming the irregular distribution

through an oval nucleus characteristic of the later stages of

division and the normal active form.

In the later stages the line between the blepharoplast has

disappeared, and the fourth free flagellum has grown out in

the case of each individual. The process of division is in

these cases complete except for the severance of the cytoplasm.

From the occurrence, however, of free individuals with only

three free flagella, it seems probable that in some cases the

fourth flagellum is only added after the division of the

cytoplasm has been effected.

The aflagellate resting forms of Trichomastix galli-

narum are fairly commonly met with, lying usually in groups

of three or four, in preparations from the cascal wall.

In the typical resting forms, such as are figured on PL 14,

fig. 64, the body of the animal is quite rounded. There is no

trace of flagella, but there is a well-marked blepharoplast.

The nucleus has the characteristic appearance already

described for the active form, but there is a tendency for

the chromatin granules either to become massed in a double

row or to fuse, forming a darkly staining band round the

periphery. An axostyle may be present or absent.

It is probable that the grouping of these resting forms

mentioned above is due to antecedent division.

In fig. 65, PL 14, a group of three distinct individuals is

drawn, of which A is just dividing, whereas b and c are pro-

bably the result of a recent division.

If this hypothesis of division be accepted, it is rather

interesting to note that in each of the cases figured (PL 14,

fig. 65), the division of a presumably non-flagellate form has

resulted in the production of one individual in which new

flagella are growing out, whilst the other individual still

remains in the resting stage. A later stage in the outgrowth

of the flagella in a form probably derived from the division of

a resting form is seen in fig. 66, PL 14.
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We have been able to observe the transition between the

active elongate form and the resting stage in life on a warm
stage.

It will be obvious from the account of the dividing resting

form given above that it is possible in these cases for the

animals to acquire new free flagella as stiff outgrowths from

the blepharoplast, a method which, as we have already seen,

is adopted by the dividing individuals in acquiring their two

new free flagella. In addition to this process we have met with

a number of remarkable swathed forms, which we are inclined

to interpret as indicating a process of outgrowth of united

flagella along the surface of the cytoplasm. Some of the

successive stages, which we are inclined to explain on this

hypothesis, 1 are shown in PL 14, figs. 67-71.

It is only necessary now to refer to such forms as that

figured in PL 14, fig. 72. Here, again, as in the analogous

forms figured (Pl. 13, figs. 49-52) for Tri chomonas Eberthi,

we possibly have to do with the process of conjugation coupled

with a loss of the flagellar apparatus. But here, again, we
have no definite evidence to offer in support of this view.

8. EXPLANATION OF PLATES 10-14,

Illustrating the paper by Mr. C. H. Martin and Miss

Muriel Bobertson upon “ The Csecal Parasites of Fowls,”

Part I.

[The outlines of all figures were drawn with a camera under Zeiss

comp. oc. 12 and 2 mm. apocliromat., with long tube at table level.

For the study of the detail Zeiss’s 1*5 apocliromat. with their

achromatic condenser Ap. 130 was used.]

PLATE 10.

Figs. 1-10.—Chilomastix gallinarum.

Fig. 1.—Active Chilomastix gallinarum, showing four free

flagella, blepharoplast, nucleus, pharynx and ingested bacteria.

1 These stages might be regarded as stages in the absorption of the

flagella
;
but we have observed the loss of the flagella in the living form

on more than one occasion without any indication of these appearances.
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Fig. 2.—Tailed form.

Fig. 3.—Rounded form, showing chromatin masses in the nucleus.

Fig. 4.—Very small form.

Fig. 5.—Early division stage of small Chilomastix gallinarum.

Fig. 6.—Later stage of division. Only one of the two flagella is

shown in one of the division products.

Fig. 7.—Resting aflagellate form of Chilomastix gallinarum

prior to encystment.

Fig. 8.—Beginning of the formation of the cyst wall.

Fig. 9.—Late stage in the encystment of Chilomastix gallinarum.

Fig. 10.—The cyst of Chilomastix gallinarum.

PLATE 11.

Figs. 11-30.—Trichomonas Gallinarum.

Fig. 11.—Active Trichomonas gallinarum.

Fig. 12.—Elongate active Trichomonas gallinarum.

Fig. 13.—Trichomonas gallinarum with axostyle.

Fig. 14.—Active form, showing cytostome.

Fig. 15.—First stage of longitudinal division. The blepharoplast

has divided
;
two basal granules with their flagella remain in connec-

tion with the old line and membrane flagellum. A new line has grown
out from the other two granules.

Fig. 16.—Later stage in longitudinal division. The new blepharo-

plasts have moved apart, but are connected by a chromatic band.

Fig. 17.—Later stage of longitudinal division.

Fig. 18.—First stage of transverse division.

Fig. 19.—Later stage transverse division.

Fig. 20.— Still later stage of transverse division. This stage shows
the arrangement of the chromatin in the nucleus at the time of

division.

Fig. 21.—Later stage transverse division.

Fig. 22.—Later stage transverse division.

Fig. 23.—Transverse division.

Fig. 24.—Probably late stage transverse division
;
the line between

the blepliaroplasts has disappeared.

Fig. 25.—First stage oblique division.

Fig. 26.—Later stage oblique division.

Fig. 27.—Still later stage oblique division.
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Fig. 28.—Late stage division. A third free flagellum is growing out

as a short thick rod in one of the daughter individuals.

Fig. 29.—Late stage division, probably longitudinal.

Fig. 30.—Late stage division.

PLATE 12.

Figs. 31, 32.—Trichomonas gallinarum.

Fig. 31.— Late stage of the division of Trichomonas gallinarum,
showing the form with axostyle.

Fig. 32.—Late stage of the division of the form of Trichomonas
gallinarum, showing the outgrowth of the fourth flagellum in each

of the daughter individuals.

Figs. 33-44.—T. Ebert hi.

Fig. 33.—Active Trichomonas Eberthi. Normal form, with

three free flagella and membrane flagellum.

Fig. 34.—Trichomonas Eberthi. Form with three free flagella

and a fourth flagellum just splitting off from the membrane flagellum.

Fig. 35.—Trichomonas Eberthi. Form with four free flagella.

Figs. 36-38.—Early stages in division, Trichomonas Eberthi.

Fig. 39.—Late stage in division. The chromatin of the nucleus is

condensed into eight masses
;
two new flagella have been formed.

Fig. 40.—Still later stage of division. The chromatin masses have

now associated to form four dark masses. The new membrane
flagellum is growing out along the new line.

Fig. 41.—Still later stage. The nuclei have divided, though the

axostyles are not formed.

Fig. 42.—Late stage division, showing axostyles and divided nuclei.

Figs. 43,44.—Still later stages in the division of Trichomonas
Eberthi

.

PLATE 13.

Figs. 45-52.—Trichomonas Eberthi.

Fig. 45.—A flagellate resting stage of Trichomonas Eberthi.

Fig. 46.—Trichomonas Eberthi. Form with membrane, but

without free flagella.

Fig. 47.—Trichomonas Eberthi. Form with membrane and

axostyle, but no free flagella.

Fig. 48.—Trichomonas Eberthi. Form developing free flagella.
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Figs. 49-52.—Doubtful dividing forms Trichomonas Eberthi,

perhaps really early stages of conjugation.

Figs. 53-63.—Trichomastix gallinarum.

Figs. 53, 54.—Active elongate form, Tricliomastix gallinarum.

Fig. 55.—Active form, Tricliomastix gallinarum.

Fig. 56.—Active rounded form, showing chromatic line.

Fig. 57.—First stage in division of the active form.

Fig. 58.—Later stage in division.

Fig. 59.—Later stage of division, showing the outgrowth of a new
flagellum in each of the daughter individuals.

Fig. 60.—Still later stage.

Fig. 61.—Later stage, in which the chromatic band between the

blepharoplasts has disappeared, and the fourth flagellum has been

added.

Fig. 62.—Last stage in division.

Fig. 63.—Trichomastix gallinarum, with only three free

flagella.

PLATE 14.

Figs. 64-72.—Trichomastix gallinarum.

Fig. 64.—Resting aflagellate forms of Trichomastix gallinarum.

Fig. 65.—Dividing resting forms.

Fig. 66.—Trichomastix gallinaru m. Possibly further stage

in the outgrowth of flagella in an individual, resulting from the division

of a resting form.

Fig. 67-71.—Possibly stages in the development of flagella on

resting individuals of T r i c h om a s t i x g al 1 i n a r um

.

Fig. 72.—Possibly a stage in conjugation.
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1. Introductory.

The minute anatomy of the African freshwater jelly-fish,

Limnocnida tanganicse Bohm, was first described in this

journal by R. T. Gunther in 1893 (1) ;
in addition to the

account of the histology of this animal the paper includes a

very complete description of the asexual development of the

buds from the wall of the manubrium.

Since Gunther’s memoir numerous specimens of this interest-

ing medusa have been brought back to this country by

various collectors.
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J. E. Moore’s expedition to Lake Tanganyika added much
to our knowledge of the life-history of Limnocnida, and

his book, f The Tanganyika Problem/ contains a short account

of the anatomy (2).

More recently the study of the excellently preserved

specimens collected by the late J. S. Budgett in the Niger

Delta, and by W. A. Cunuington in Lake Tanganyika, has led

to a more complete understanding of the structure and

arrangement of the tentacles on the umbrella edge. These

two collections were described respectively by E. T. Browne

(3) and B. T. Gunther (4), the latter’s report containing, in

addition, a short account of some specimens from the Victoria

Nyanza.

Whilst recently investigating the movements of the sting-

ing-cells in the tissues of certain Hydromedusse (5) my
attention was drawn to some of Gunther’s figures of the
“ nettle-ring” of Limnocnida, and it occurred to me that a

detailed investigation of the structure of this characteristic

organ might lead to an elucidation of the function of these

thickened bands of ectoderm containing nematocysts, which

occur with such regularity in the Trachomedusae and Narco-

medusae.

Through the kindness of Dr. S. F. Harmer, F.R.S., and

Mr. R. Kirkpatrick, I obtained permission to study the speci-

mens of Limnocnida tanganicae in the British Museum
collection, and was allowed to cut sections of one. The

specimen selected was one from the large collection made by

Dr. W. A. Cunnington during the Third Tanganyika Expedi-

tion of 1904-5, and was still in an excellent state of preser-

vation, having been carefully fixed in weak osmic acid.

Sections were prepared by the ordinary paraffin method,

and were stained with Grenadier’s haematoxylin.

I purposely selected an individual bearing medusa-buds on

the manubrium
; Goette’s recent paper on the development

of the gonophores of the Hydromedusae
(
6

)
has so completely

revolutionised our knowledge of this subject that I felt that

it was desirable to reinvestigate the process of bud-formation
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in Limnocnida, in spite of the completeness of Gunther's

account.

I desire to take this opportunity of thanking Dr. Harmer

and Mr. Kirkpatrick for their assistance in obtaining material

for examination; my thanks are also due to Mr. R. T. Gunther,

of Magdalen College, Oxford, who very kindly read through

parts of my manuscript.

The work in connection with this paper was carried out in

the Zoological Department of the University of Birmingham.

2. The Structure and Function of the “ Nettle-Ring."

The nettle-ring, or thickened band, containing stinging-

cells, which occurs at the edge of the umbrella, is a very

characteristic feature of the anatomy of Limnocnida. The

minute structure of this organ was described by Gunther as

being similar to that of the peronium of other medusae, and

as consisting of modified stinging-cells. He considered its

function as possibly skeletal as well as defensive.

In a recent paper published in this Journal (5) I

endeavoured to show that the bulbous swellings which are

so constantly present at the bases of the tentacles of

Craspedote medusae have a definite function besides that

of bearing the ocellar sense-organs, serving to develop and

store up the stinging-cells of the tentacle batteries, as these

organs cannot be formed in situ owing to the absence of

interstitial cells in the tentacular ectoderm. At the same

time I suggested that in those forms which do not possess

tentacle-bulbs (Trachomedusae and Narcomedusae) these

organs are replaced by the thickened ring of ectoderm con-

taining stinging-cells, which is so conspicuous a feature of

their anatomy.

In order to investigate the structure of such a nettle-ring,

sections, both radial and tangential, were cut through the

umbrella edge of Limnocnida.
These sections show that this organ has identically the

same structure as the ocellar bulbs which I examined in

Mcerisia lyonsi (5, p. 768). The nettle-ring consists of

vol. 57, part 1.—new series. 7
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thickened ectoderm containing an enormous number of small

irregularly shaped cells, the majority of which are obvious

nematoblasts and contain nematocysts in various stages of

development, many being quite fully formed. The latter are

similar in every respect to the nematocysts of the tentacle-

batteries, and I see no reason for considering them as modified

in any way.

The nematoblasts of the fully formed stinging-cells in the

nettle-ring are always without cnidocils, and, moreover, the

capsules are orientated in such a way as to prevent their use

as defensive organs. The characteristic elongated nemato-

cysts are without any definite arrangement, and even at the

edge of the nettle-ring none have their longer axes at right

angles to the surface (figs. 2 and 3).

It is obvious from the above that the nettle-ring cannot be

a functional stinging-cell battery, and some other use must

be discovered for it. Examination of the structure of the

tentacles reveals its proper function. The tentacles of

Limnocnida have been very carefully, described by

Gfunther
(
4

)
and Browne

;
the following account of their

arrangement is quoted from the latter’s recent description

of the B,. Niger specimens (3 ) :

“The tentacles are very numerous and are very closely

packed together round the margin of the umbrella. They

are arranged in definite series showing a well-marked

difference in size, which is due to growth. The four per-

radial tentacles, opposite the radial canals, are the largest,

and these are closely followed in size by the inter-radial and

adradial tentacles. Then follow about five series of tentacles,

decreasing rapidly in size. The tentacles in each series arise

between the tentacles of the previous series, so that beginning

with the four primary per-radial tentacles there come four

inter-radial, eight adradial, and then sixteen, thirty-two,

sixty-four, up to about 500 tentacles.

“ The basal portion of the tentacles is partly embedded in

the jelly of the umbrella. The length of the portion which is

embedded varies according to the size and age of the tentacle.
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In the primary series it extends about 3 mm. np to the

exumbrella, but in the seventh and eighth series of tentacles

the attachment is not visible.

“ The basal portion of the tentacle is hollow, and its cavity

is in direct communication with the marginal canal .

”

The structure of the tentacular ectoderm must be described

in detail. This layer consists of large flattened cells, which

appear polygonal in a surface view (Text-fig. 1). Interstitial

cells are absent from the whole ectoderm.

The elongated nematocysts have a very definite arrange-

ment, which differs in different regions of the tentacle. In

the more distal parts these organs are arranged in groups of

about thirty to forty on small projecting knobs of ectoderm,

the latter forming transverse rings which are very conspicuous

in a contracted tentacle. Each stinging-cell is provided with

a cuidocil, and the longer axes of the nematocysts are perpen-

dicular to the surface of the battery, the latter forming a

powerful offensive organ (v. Text-fig. 1).

As already observed by Browne (3) and Gunther (4) these

nematocyst batteries are absent from the proximal regions of

the larger tentacles. The reason for their absence is obvious

to anyone familiar with the appearance of the medusa, the

proximal embedded regions being protected by the over-

hanging distal parts of the tentacles whioh are carried in a

downward position.

The important point to be noticed in this connection is that

the stinging-cells themselves are not absent from these

proximal portions of the tentacles
;
they merely do not form

batteries in this position. This is most clearly seen by

focussing with a high power on to the surface of a tentacle-

base, when a number of nematocysts can be traced at the

bases of the large ectoderm cells close to the structureless

lamella (Text-fig. 1).

The orientation of these stinging-cells is very definite, the

longer axes of the capsules being always parallel with the

structureless lamella and the surface of the tentacles, not

perpendicular to the latter as in the case of the functional
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nematocysts of the batteries ; moreover, the slightly broader

basal ends with the nematoblasts are directed away from the

umbrella edge and towards the distal extremities of the

tentacles.

The above-described orientation, which is even more con-

Text-fig. 1.

Surface view of part of a large tentacle, showing the polygonal
ectoderm cells and two rings of stinging-cell batteries. Below
the large transparent cells are a number of migrating stinging-

cells, all moving in the same direction towards the more distal

parts of the tentacle
;
in one place (a?) they can be seen coming

together to form a battery, cnid. Nematoblast of a migrating
stinging-cell. ect. Ectoderm cell. nem. b. Battery of stinging-

cells. st. c. Migrating stinging-cell. The arrow shows the
direction in which the stinging-cells are moving. (Semi- dia-
grammatic.)

spicuous in longitudinal sections of the tentacles (PI. 15,

fig. 2), shows that the stinging-cells of the tentacle-bases are
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migrating towards the more distal regions, and they form a

regular stream moving towards the nematocvst batteries

further along the tentacles. In the region of the first few

rings of batteries the stinging-cells can be seen grouping

themselves together to form these characteristic organs (Text-

fig. 1, x).

The next point to consider is the origin of these wandering

cells, and one’s attention is naturally drawn to the nettle-

ring
;
examination of longitudinal sections through the points

where the tentacles are given off from the umbrella- edge

shows that the stinging-cells are actually proceeding from this

thickened ring of ectoderm (PI. 15, fig. 2).

From the above considerations it is safe to argue that the

nettle-ring of Limnocnida is not a defensive organ, but has

to be considered as the factory and storage-place of the ten-

tacular stinging-cells.

3. The Nervous System.

Gunther was unable to find any trace of a nervous system in

Limnocnida, although he made special search for a nerve-

ring in the neighbourhood of the base of the velum. This

was probably due to the state of preservation of his specimens.

Radial sections of my own showed the nerve-ring in its usual

position. It has much the same structure as in other Cras-

pedote medusae.

The ring of nerve-fibres is situated on the edge of the

nettle-ring at the base of the velutn and is double, the two

parts being separated by the structureless lamella of that

organ (PI. 15, fig. 3). As in Limnocodium (Gunther [7]),

the outer nerve-ring is much better developed than the inner

ring, aud in transverse sections is seen to be surrounded by a

number of small cells which form a kind of sheath. The

sense-organs are in close proximity to the outer nerve-ring,

but I was unable to trace any definite nerve-endings in these

organs. This was probably due to the very poor staining

properties of the nerve-fibres. The inner ring of fibres is
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considerably thinner than the outer and devoid of any kind

of sheath ;
the nerve-fibres seem, however, distinctly separate

from the bases of the overlying ectoderm cells.

4. The Histology of the Manubrium.

GiintheFs account of the histology of this important organ

is somewhat incomplete and, moreover, differs in several points

from my own observations. I have, therefore, dealt with the

subject somewhat fully, as it seems of considerable import-

ance to solve (as far as is possible from the examination of

preserved material) the interesting problem of the nutrition

of Limnocnida.
For the purpose of description the manubrium can be con-

veniently divided into three regions, which differ markedly from

one another. These are— (1) an oral region in the neighbour-

hood of the mouth; (2) a middle region, from the ectoderm of

which medusa-buds are formed; and (3) a proximal or basal

region. It must be understood, however, that there are no

definite boundaries to these regions, and that each one passes

gradually into the next.

(i) The Oral Region.

The distal part of this region is somewhat contracted

in the specimen which I examined, and is coiled up towards

the subumbrellar surface of the manubrium (fig. 1) ; this,

however, may be only a “ post-mortem ” phenomenon.

The structureless lamella of the whole oral region is some-

what thicker than elsewhere on the manubrium, but the chief

peculiarity is to be found in the structure of the endodermal

lining. The cells constituting the endodermal epithelium are

of two kinds
:

(a) long narrow cells with finely granular

protoplasmic contents and basal nuclei (fig. 4, end.), and
(
b

)

large goblet-cells wedged in between the former and occurring

in large numbers
(
gobl . c.). These cells are very conspicuous,

and resemble in every respect the goblet-cells of the alimentary
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canal in the higher animals. Every condition of secretory

activity can be distinguished in these goblet-cells, and they

have, moreover, a very definite arrangement. The goblet-

cells furthest from the mouth (fig. 4) stain very deeply with

haematoxylin and have clear protoplasmic contents. Slightly

distal to these (fig. 5) we find that these cells have elaborated

large quantities of mucin, and contain large colourless and

highly refringent granules of this substance. Finally, at the

oral extremity of this region the goblet-cells have discharged

the mucin, and have the characteristic cup-form typical of

this kind of cell
; except for the basal nucleus and a

net-work of fine granules they do not stain at all, and thus

become very conspicuous.

The ectoderm of the oral region consists of large, low

musculo-epithelial cells with much vacuolated protoplasmic

contents ; interstitial cells, with occasional nematocyst-cap-

sules, occur sparingly. I could trace no stinging-cell battery

along the edge of the mouth.

(ii) The Middle Region.

The middle or gemmiferous region of my specimen agrees

in structure with that described by Gunther. The structure-

less lamella is very thin, and both ectodermal and endodermal

linings high. The latter consists of more than one layer.

The cells bordering on the cavity of the manubrium are

elongated with fine granular contents, and obviously corre-

spond to the similar cells in the oral region; I agree with

Gunther in thinking that these cells may be provided with

flagella during life, although I could detect none in my
sections.

One or two layers of smaller cells occur at the bases of the

elongated endoderm cells; they are also finely granular, but

roughly polygonal in shape, and provided with slightly

smaller nuclei.

The ectoderm of this middle region consists of largo

vacuolated cells without definite cell outlines, between which
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are numerous small, interstitial cells and stinging-cells in all

stages of development. The fate of these stinging-cells is

not very obvious
; there are no functional nematocyst-batteries

on the manubrium, and the cells do not seem in process of

migration to other parts of the body; as far as I can make
out the stinging-cells are for the supply of the medusa-buds

in much the same way as in Moerisia, where the developing

medusa-buds receive a supply of nematocysts from the ecto-

derm of the parent hydroid (5).

(iii) The Proximal Region.

The proximal region or stomach proper consists of much
lower cells than the other two, and therefore appears thin in

sections. The ectoderm resembles that of the oral region,

although interstitial cells occur less sparingly; the structure-

less lamella is distinct, although not of great thickness.

The endodermal lining resembles that described by Lan-

kester (8) and Gunther (7) as occurring in a similar position

in Limnocodium. It consists of a single layer of large,

almost cubical cells (fig. 6), which are of two kinds

—

(a) large

vacuolated cells, and
(
b

)
gland-cells. The former contain

conspicuous food-balls (/. b.) and foreign particles in the

vacuoles, and it is evidently in this region that the greater

part of the digestion takes place. The gland-cells
(
gl . c.) con-

tain coarge granular particles, the contents being very unlike

those of the goblet-cells in the oral region, from which they

also differ in being broader and in not tapering at the base.

The endodermal covering of the mass of jelly which pro-

jects into the manubrial cavity from the dorsal side consists

of a simple epithelium of smallish cells.

5. The Method of Nutrition.

The problem of the nutrition of Limnocnida has given

rise to some speculation. Gunther, in his account of the

anatomy of the medusa, described no gland-cells of any kind
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in the lining of the gastric cavity; moreover, he was not able

to observe any traces of intra-cellular digestion in any of

the cells of the endodermal epithelium.

Again, previous authors have commented on the shortness

of the manubrium, and pointed out that the space which should

be the central cavity of the stomach is occupied by a great

mass of jelly which forms the roof of this organ and almost

blocks up the whole of the cavity of the sub-umbrella (cf.

fig. 1). Referring to this point E. T. Browne (3) remarks :

“ A similar kind of stomach is found in Mesonema
pensile (Browne, 1904), a large medusa belonging to the

Aequoriidae. In Mesonema the stomach has become quite

rudimentary and the mouth cannot be closed. In Limno-
cnida the abolition of the stomach is not carried quite so far,

but to judge from the appearance of these specimens the

mouth is incapable, owing to the shortness of the lower wall

of the stomach, of completely closing up.

“In the case of Mesonema I have suggested that the

function of the stomach has been transferred to the canal

system, and that the animal lives upon organisms of micro-

scopic dimensions, such as unicellular Algae and Protozoa,

which are driven by ciliary currents into the radial canals.

Such organisms may also form the food-supply of Limno-
cnida.”

The histology of the man nb rial endoderm, described in the

previous section of my paper, clearly shows that the lining

epithelium of the manubrium is well adapted for digesting

and absorbing food material in a perfectly normal manner.

Perhaps the most interesting point in the histology of the

endoderm is the unusually great development of goblet-cells

in the oral region. 1 These must secrete a large quantity of

some mucous substance which no doubt entangles within

itself any small organisms which enter the mouth with

1 Similar mucus-secreting cells occur in the oral regions of the

digestive cavities of the Alcyonarians Xenia (Ashworth [9]) and

Alcyonium (Pratt [10]). Duerden's paper on the role of mucus in

corals (11) is also of great interest in this connection.
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the water taken in by the manubrium. These are pro-

bably carried by currents caused by flagella on the endo-

dermal epithelium to the narrow cavity of the proximal

part of the manubrium, where they are acted on by the

secretion of the gland-cells, and the disintegrated particles are

then taken up by the cubical vacuolated cells which occur in

this region.

6. The Development of the Medusa-Buds.

Gunther’s paper on the anatomy of Liinnocnida (1) con-

tains a detailed account of the development of the asexual

buds on the manubrium. His description of the process is

briefly as follows :

The young medusa makes its first appearance as a small

outpushing of both layers of the manubrium. The apical

ectoderm of this bud next boldly invaginates into the endo-

derm and forms the hollow entocodon; the mouth of the

apical invagination closes up and the wl^ole of the ento-

codon becomes covered over by au overgrowth of ectoderm,

and its cells become marked off from the cells of the peri-

pheral ectoderm. At this stage the entocodon is a hollow

sphere of ectoderm, one cell thick, enclosing a cavity which

is really a portion of the exterior, which has been enclosed

during the growth of the bud; meanwhile, owing to the

invagination of such a comparatively bulky mass of ectoderm,

the endoderm thins out so much as to be reduced to a single

cup-shaped layer of cells enveloping the central entocodon.

A second ingrowth of ectoderm now occurs. The ectoderm-

cells at the apex of the bud grow down as a solid plug of

cells into the apex of the entocodon, the effect of this second

ingrowth of ectoderm being to push one wall of this organ

into the other, with the result that the entocodon becomes a

two-layered cup surrounding a plug of ectoderm cells
;
the

lumen of the entocodon may even disappear altogether, in

which case it always reappears at a subsequent stage. Later,

the endoderm cells surrounding the entocodon grow further
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over that organ, and at certain regions have begun to grow

up into the mass of ectodermic cells at the apex of the bud,

thus indicating the position of the future tentacles, four of

which are considerably in advance of the others. Some of

the cells of the apical ectoderm arrange themselves round the

forecasts of the endodermal axes of the tentacles, others, more

deeply seated, arrange themselves in a single tier along the

outer wall of the entocodon
;
this causes a cavity to appear in

the apical mass, separated from the cavity of the entocodon by

the double row of ectoderm cells which becomes the velum of

older medusas. The circular canal appears as a split in the

endoderm at the base of the tentacles, aud is soon placed in

communication with the enteric cavity of the parent by the

four radial canals which arise one opposite to each of the four

perradial tentacles. Between the radial canals and all round

the entocodon the endoderm persists as the endoderm lamella.

A noticeable feature in the development of the medusa-

buds of Limnocnida is the entire absence of any trace of

manubrium and mouth in any of the stages examined. The

mouth probably breaks through at the date of the setting free

of the young medusae.

The only other account of the bud-formation of Limnoc-
nida is that given by Moore in his book, ‘ The Tanganyika

Problem/ He also describes the formation of the entocodon

by invagination, but his account of the later stages differs in

some respects from that given by Gunther. Thus, after

describing the formation of the entocodon by a process of

invagination he continues :

“
Still later a second shallower

invagination takes place forming the mouth of the bell, and

within this the four primary tentacles are at fir§t folded

inwards towards the centre of the velum. About this time

the endodermal lining of the parental manubrium (which

projects into the bud from its gastric cavity and forks into

four radial canals) becomes thickened and folded, so as to

form a rounded boss projecting into the cavity of the first

ectodermal invagination of the bud, and quite visible from

without. This is the rudiment of the manubrium of the bud.
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About this time the velum becomes perforated in its centre,

the four primary tentacles stand stiffly out, and each medusa,

although still not fully formed and attached to the parental

manubrium, pulsates with great vigour/’

From the above accouuts we see that the early development

of the buds in this medusa is of a quite peculiar type, and

Gunther in 1894 remarked: “The method of invagination of the

ectoderm to form the entocodon or f Glockenkern 9
in Lim-

nocnida differs from the method of formation in most other

medusae, in which the process has been described, and I am
inclined to think that in this respect Limnocnida exhibits

a more primitive condition.”

Since that time our knowledge of the bud-formation in the

Hydromedusae has been completely revolutionised by Goette’s

monograph on the subject (6). He showed that, at any rate

in all the forms he was able to examine, no double-walled cup

of endoderm is present, even in the youngest stages, and that

the four radial canals arise from four separate pouches of

endoderm which grow out simultaneously fj*om the cavity of

the early bud. His results have been confirmed by J. Hadzi

(12) for Hydroids, by W. Richter (13) for the Siphonophora,

and by myself (5) for the Egyptian Hydromedusan Moerisia
lyonsi.

Goette’s discovery has not only shattered the generally

accepted views on the development of the medusa-buds in the

Hydromedusae, but has also led to considerable alterations in

the existing theories on the relation between medusoid and

hydroid individuals. I have, for this reason, carefully

re-investigated the development of the buds of Limno-
cnida, not only with a view to clearing up the discrepancies

between the accounts of Gunther and Moore, but also in the

hope of throwing fresh light on the subject of bud-formation

in the Hydromedusae generally.

My observations on the earliest stages in the formation of

the buds of Limnocnida agree with those of previous

authors
;
the ectoderm of the hollow two-layered bud invagi-

nates into the endoderm to form the hollow entocodon, which
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soon becomes completely separated from the superficial layer

of ectoderm (Text-fig. 2
, 1 and 2 ).

I do not, however, agree with G-unther’s further observation

Text-fig. 2.

2 a

Outline sketches of three sections of young medusa-buds

:

1. Longitudinal section showing the formation of the ento-
codon by invagination with the resulting double-walled cup of
endoderm. 2. Similar section of a later stage

; the apical
invagination has now closed up. 2a. Transverse section of the
same, showing the square entocodon and the constriction of
the endodermal cup to form four perradial pouches, e. Cavity
of the entocodon. r.p. Perradial pouch of endoderm.

that this process of invagination causes the endoderm of the

bud to be reduced to a single cup-shaped layer of cells

enveloping tbe entocodon. If a transverse section of a bud

of this age be examined it will be seen that— (a) the endo-
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dermal cup is distinctly two-layered and (b) the entocodon

is approximately square in section, and that this causes the

walls of the double cup of endoderm to be brought into con-

tact with one another opposite the four corners of this organ,

thus leaving four distinct pouches in a perradial position

opposite the sides of the square mass of hollow ectoderm

(Text-fig. 2, 2a). A longitudinal section through an inter-

radius would give the erroneous impression that the endoderm

was solid.

The two layers of the endodermal cup fuse interradially to

form the endoderm lamella, the four perradial pouches

persisting and giving rise to the radial canals of the older

medusa-bud.

The next stage in the process of bud-formation consists in

the proliferation of the superficial layer of ectoderm to form

a solid plug, as described by Gunther
;

I could see no signs

of a second invagination of ectoderm such as Moore des-

cribed. The cells of this solid mass very soon arrange them-

selves in a single layer round a cavity which appears in their

rpidst; those on the proximal side of thisv cavity form the

exumbrellar ectoderm of the future velum; those on the distal

side persist as a superficial layer of smallish cells, which cover

over the mouth of the umbrella until just before the liberation

of the young medusa (Text-fig. 3, and PI. 15, fig. 8). The

ingrowth of the above-described mass of apical cells causes

the distal wall of the entocodon to become somewhat flattened,

but I have never seen one wall pushed into the other so as to

cause the organ to assume a cup-shape, with the consequent

obliteration of the cavity; I cannot help thinking that

Gunther must have arrived at this conclusion from the exami-

nation of tangential instead of radial sections of the medusa

buds.

The four perradial pouches, as mentioned above, form the

rudiments of the radial canals; these grow out centrifugally

and form the endodermal axes of the first four tentacles
;
the

latter appear in the cavity on the distal side of the velum,

and their axes are, of course, surrounded by the ectoderm
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Text-fig. 3.

1 .

t.

S.IL

%
Outline sketches of two longitudinal sections of older medusa-
buds : 1. A cavity has appeared in the thickened ectoderm of

the apex, into which the perradial tentacles are beginning to
grow. 2. Almost fully formed medusa in which the velum
is already perforated and the perradial tentacles well developed.
In this specimen there is no sign of a manubrium, although the
mouth and the manubrial endoderm (x) are indicated, e. Cavity
of the entocodon. r.p. Perradial pouch of endoderm. s.u. Sub-
umbrella cavity of the older bud. t. Tentacle, v. Velum.
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cells of the superficial layer (Text-fig. 3). I was not able to

observe the formation of the circular canal; there can be no

doubt, however, that this organ arises as in other medusae by

the fusion of the four primitive radial canals at their distal

extremities.

The velum becomes perforated at a comparatively early

stage, the last organ to appear being the manubrium, which

Moore correctly described as forming a rounded boss projecting

into the subumbrella cavity (PI. 15, fig. 8). There seems,

however, to be considerable variation in the exact time of

appearance of the manubrium, some quite advanced medusa-

buds being devoid of this organ, although the mouth and the

elongated endoderm cells of the future manubrium are always

indicated (Text-fig. 3).
1

7. The Phylogeny op the Medusoid Individual in the

HYDROMEDUSiE.

* Until the publication of Goette’s memoir on the development

of the gonophores of the Hydromedusae theVe was a general

agreement as to the relations between the medusoid ando
hydroid individuals of this group of Ccelenterates. The

manubrium of the medusa was considered to be homologous

with the hypostome of the hydroid, and the umbrella to be

derived from the tubular body of the latter by a process of

radial expansion followed by the inter-radial fusion of the

gastric lining of its cavity. The tentacles are carried out-

wards by this process of expansion but remain as a circlet

round the hypostome, now the manubrium.

The development of the medusa-buds, as formerly under-

stood, distinctly favoured this theory, and Weismann, in his

classical monograph on the origin of the sex-cells in the

Hydromedusae (14), showed how the ontogenetic evidence

could be made to fit in with such a phylogenetic origin of

medusae. To quote his own words 3
:

1 Cf . also Gunther’s figure (1), pi. 19, fig. 14.

3 The quotation is taken from Goette s memoir (6), p. 261.
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“Wahrend sie (die Glocke) im Beginn der Phylogenese

der Medusen auch in der Ontogenese als Kreisrunder Kelch
im Umkreis der Basis des Manubriums mifc freiem Rande
emporwuchs, fand nun derselbe Prozess gewissermassen in

umgekehrtem Sinn statt, indem die Kuppe der Knospe den

Glockenrand dadurch bildete, dass sich das Ectoderm hier

nach iunen einstiilpte.

“Bei weiterer Yerkiirzung der Ontogenese wurde diese

Einstiilpung zu einer blossen soliden Einwucherung ohne
Einstiilpungspforte und damit sind wir beim heutigen

Glockenrand angelangt, der seine Abstammung von einer

Einstiilpung des Ectoderms auch heute in einzelnen Fallen

noch erkennen lasst.”

According to Weismann's views sessile gonophores are

merely degenerate medusae.

Goette's studies on the development of the gonophores of

a large number of Hydroids have led him to very different

and somewhat startling conclusions. He considers that

medusoid and hydroid individuals are not truly homologous,

and takes a quite opposite view to Weismann, believing that

the medusae have not arisen from any kind of polyp-form, but

represent completely new structures formed as the culminating

points of long series of sessile gonophores of increasing com-

plexity.

In a short preliminary paper, published in the ‘ Zoologischer

Anzeiger' (12), Hadzi subjects Goette’s theoretical conclusions

to a severe criticism, and (in my opinion) very justly con-

demns them as erroneous
;
he very clearly demonstrates that

the medusa-form in the Hydromedusm can be derived directly

from the polyp-form, even in the light of the recent investiga-

tions of the development of gonophores.

Hadzi revives and modifies an old theory of Allman's (15),

and would derive the medusoid individual from some such

polyp as that of Laomedea or Cam panop sis, in which the

tentacle bases are joined together by a web-like, solid duplica-

ture of ectoderm. He points out that if we consider the

umbrella to have arisen from such a double fold of ectoderm

VOL. 57, PART 1.—NEW SERIES. 8
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the radial canals prove to be nothing more than the hollow

bases of the tentacles which have grown out centifugally from

the stomach in much the same way as the accessory radial

canals of Aequo rea have been known to do.

This theory would thus explain the independent origin of

the four radial pouches from the endoderm of the young

medusa-buds.

The development of the buds of Limnocnida throws

considerable light on the difficult problem of the relationship

between the medusoid and liydroid individuals in the

Hydromedusae
;

I heartily agree with Hadzi in considering

these forms as strictly homologous structures, but can see no

necessity for abandoning Weismann ;
s old-established theories

on this subject.

There can be no doubt that Gunther was right in con-

sidering that in Limnocnida the formation of the entocodon

by invagination is a primitive feature, and that the solid

ingrowth of ectoderm which occurs in the young buds of the

majority of the Hydromedusas merely represents a modifica-

tion of such a process of invagination.

In my opinion the formation of a two-layered cup of

endoderm is another primitive feature in the development of

Limnocnida; even in this genus it persists only for a very

short time and almost simultaneously with its formation

becomes constricted at the interradii to form the endoderm

lamella, leaving four distinct and comparatively large

perradial pouches, which are obviously homologous with those

of other medusa-buds.

In the development of all types of gonopliores in the

Hydromedusae we meet with a considerable shortening of

their ontogeny, and it seems to me that where, as in the

majority of forms, the four radial pouches arise independently

from the endodermal cavity of the young bud we are dealing

with a process of this nature, and that the primitive two-

lavered cup stage has been suppressed.

If this argument be accepted we can still retain Weismann’s

views on the phylogeny of the medusoid individual, in spite
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of the fact that some of the observations on which his theories

were based have been proved to be erroneous.

The late appearance of the manubrium in Limnocnida is

obviously a secondary feature, connected no doubt with the

comparatively small dimensions of this organ in the adult.

8. Summary.

(1) The stinging-cells on the tentacles of Limnocnida
are not developed in situ but in the ectoderm of the

“nettle-ring/* whence they migrate to the tentacular batteries.

The “ nettle-ring 99
is to be regarded merely as the factory

and storage-place of these stinging-cells, and is not itself a

functional nematocyst battery.

(2) Limnocnida possesses a well-developed, double nerve-

ring at the base of the velum, it is similar in most respects to

that of Limnocodium and of other medusae.

(3) The manubrium is undoubtedly functional as a diges-

tive organ. The gland-cells and digestive cells are restricted

to the more proximal regions, the oral endoderm being

characterised by the presence of an unusually large number
of mucus-secreting goblet-cells.

(4) The development of the medusa-buds presents several

interesting features, some of which are undoubtedly primitive.

As originally described by Gunther, the entocodon is formed

by simple invagination ;
this causes the endodermal walls of

the bud to assume the shape of a double- walled cup, which,

almost simultaneously with its formation, becomes constricted

at the interradii, leaving four large perradial pouches of

endoderm, which give rise to the radial canals of the adult

medusa. The manubrium appears very late as a rounded boss

projecting into the umbrella cavity.
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EXPLANATION OF PLATE 15,

Illustrating Mr. C. L. Bouleuger’s paper “ On Some Points

in the Anatomy and Bud-Formation of Limnocnida
tanganicse.”

List of Reference Letters.

circ. c. Circular canal, ect. Ectoderm, end. Endoderm. end. 1. Endo-

derm lamella, end. p. Perradial pouch of endoderm in the medusa-hud.

ent. Ectoderm of the entocodon. ex. ect. Ectoderm of the exumbrella.

/. b. Food-ball in a nutritive cell of the endoderm. gl. c. Gland-cell.

gobl. c. Mucus-secreting goblet-cell of the oral endoderm. int. end.

Interradial constriction of the double-walled cup of endoderm in the

young medusa-bud. man. Manubrium. med. Medusa-bud. mes.

Mesogloea. nem. Stinging-cell in the nettle-ring, nem. 1 Stinging-cell

migrating through the tentacular ectoderm, net. Nettle-ring, nr. 1

nr.'2

The two divisions of the double nerve-ring, tent

.

l tent

?

Sections of a

tentacle, tent. per. Perradial tentacles of the medusa-bud. vel. velum.

Fig. 1.—Radial section through the periphery of Limnocnida
passing through the manubrium (man.) and the base of a large tentacle

(tent. 1

). The distal part of the same tentacle is cut transversely at tent.2

The manubrium bears two medusa-buds on the middle region (med. b .)

;

the oral region is coiled up towards the periphery. The umbrella is

considerably shrunk. The ectoderm (ect.) is more deeply shaded than

the mesogloea (mes.) and the endoderm (end.)

Fig. 2.—Radial longitudinal section of the nettle-ring (net.), and the

basal embedded region of a large tentacle. The section does not quite

pass through the centre of the latter, and therefore shows only part of

the tentacle-cavity. The ectoderm on the exumbrellar side of the

tentacle consists of large, low cells, with stinging-cells (nem?) migrating

from the edge of the nettle-ring.

Fig. 3.—Radial section through the velar edge of the nettle-ring

showing the double nerve-ring (nr. 1 and nr?) near the base of the

velum (vel.)

Fig. 4.—Longitudinal section through the oral region of the manu-

brium some distance from the mouth. The endoderm consists of finely

granular cells (end.), and goblet-cells (gobl. c.)
;

the latter have clear

contents, and stain deeply in this position.

Fig. 5.—A similar section, but through the distal extremity of the

oral region. The goblet-cells have elaborated large quantities of mucin.
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and contain large, colourless and highly refringent granules of this

substance.

Fig. 6.—Longitudinal section of the proximal region of the manu-
brium. Here the endoderm forms a low epithelium, with gland-cells

(gl. c.), and vacuolated cells, containing food-balls (/. i.)

Fig. 7.—Transverse section of a young medusa-bud just after the

formation of the entocodon by invagination. The latter (ent.) is almost

square and at its four corners constricts the double cup of endoderm

interradially (int. end.). This leads to the formation of four per-

radial pouches of endoderm (end. p.), from which the radial canals of

the adult are derived.

Fig. 8.—Longitudinal section through an old medusa-bud. The

velum (vel .) is already perforated, and the manubrium (man.) projects

as a rounded boss into the umbrella cavity. Three of the four perradial

tentacles are shown (tent. per.). Note that the manubrial endoderm is

already differentiated from that of the rest of the gastric cavity
;

it is

always indicated at this stage, even if the manubrium itself has not yet

been evaginated.
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Contributions to the Study of Pathogenic
Amoebae from Bombay.

By

W. Glen Liston, major

and

C. II. martin, B.A.,

Demonstrator of Zoology. (Glasgow University.

With Plates 16-18.

Part I.—An Examination of Some Cultures of Amoebae isolated

from Dysenteric Lesions and Other Sources. By W. Glen

Liston.

Anyone who lias attempted to study the literature on

amoebic dysentery and liver abscess must have been struck

by the confusion existing at present as to the exact differentia-

tion and life-history of the amoebae, which have been reported

as the causative agents of this disease. This confusion can

be accounted for, in large measure, by the inadequate and

incomplete study of the morphology and development of

the amoebae which have been supposed to be the causative

agents.

Schaudinn (3) first warned us that all amoebae to be found

in the human intestine were not of the same species. Using

the method of building up a life-history from the study of the

changes which are observed in a series of individuals at

different stages of development—a method which, in his

hands, had yielded in many instances splendid results—
Schaudinn showed that there were at least two species of

amoebae to be found in the human intestine : the one noil-

pathogenic, which he named Entamoeba coli, the other
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pathogenic, which he named Entam oeba histolytica. A
number of other workers using his methods have discovered

still other species, viz. E. tetragena, E. minuta, etc.

More recently Musgrave and Clegg (1) in the Philippine

Islands, and Noc (2) in French Cochin China, have stated

that they have isolated by culture from liver-abscesses and

dysenteric stools a somewhat polymorphic amoeba, which

they regard as the causative agent of liver-abscess and

dysentery in their respective countries. They have also

found the same species in a number of other situations—in

drinking water, on vegetables, and in the intestines of

healthy men and animals. In fact, they seem to think that

all amoebae which can be cultivated on their agar medium, and

which form cysts varying in diameter between 7 and 16/m,

belong to one species,1 a species which can at one time pass

a harmless existence outside the body, at another time, when
conditions are favourable, invade the tissues, and give rise to

the grave lesions associated with dysentery.

The present paper has been written to show that at least

two very distinct species of amoebse haYe been found in

cultures obtained after the manner of Musgrave and Clegg.

I am, however, not yet in a position to state whether both or

either of these species are really the causative agents of

dysentery and liver-abscess. I am indebted to Captain Wells,

of the Indian Medical Service, who has for some time been

1 While Musgrave and Clegg in their monograph on “ Amoebas ”

{Bureau of Govt. Laboratories, No. 18, p. 77), state that “The cultiva-

tion of pure species of aincebas has offered strong evidence of the

plurality of the species of these protozoa, and this plurality apparently

extends to those which produce infection in man.” in a later publica-

tion Woolley and Musgrave, in a paper published in the same series,

No. 32, June, 1905, write :
“ It may be well to. state at the outset that

we can see no valid reason for departing from the nomenclature of

Losch. He described a pathogenic amoeba and called it Amoeba coli.

Why this term should be applied to a suppositious non-pathogenic

organism it is difficult to say. We shall, in referring to the cause of

intestinal amoebiasis, use the name introduced by Losch.” The measure-

ments of the cysts are those given by Noc.
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engaged in the study of dysentery in India, for the cultures I

have used. 'These cultures of amoebae I understand were

obtained in Bombay from the following sources :
(a) a liver-

abscess
;

(b) a dysenteric stool
;

(c) Bombay City tap-water

;

(d) the stool of a healthy monkey.

A period of leave to England presented me with a favour-

able opportunity for studying these cultures under the control

and guidance of a skilled protozoologist. I have to thank

Dr. Martin, the Director of the Lister Institute, and Professor

Minchin, of the London University, for allowing me to work

in the laboratory at the Lister Institute, and the latter

especially for drawing up for me a scheme of research in

connection with the cultures I had obtained, and for instructing

me in the best methods for studying the amoebae.

Professor Minchin suggested that I should endeavour to

ascertain whether the amoebae from these different sources

were one and the same species, by studying their morphology

and development in cultures, and, by using the physiological

test, attempt to produce dysenteric lesions in animals. He
further suggested that I might find out whether these parasitic

amoebae absorb food osmotically, like a trypanosome, or must

devour things like the ordinary free-living amoebae. I was to

endeavour, if possible, to get pure cultures free from bacteria.

A preliminary examination of the cultures, which had been

planted more than a month previously, showed that in each

case all the amoebae were encysted, and that in all they were

associated with a variety of bacteria. The size of the cysts

in the different cultures varied considerably, but it was

observed that on the whole the Cysts in the culture obtained

from a dysentery-stool were smaller than those found in the

cultures obtained from Bombay tap-water and from the

monkey. The cysts in the liver-abscess culture varied more

considerably than the other cultures; many very small cysts,

often grouped together, were mixed with cysts as large as

those found in the water or the monkey culture. It appeared,

then, that in the case of the liver-abscess culture two types

of cysts were present. Measurements of the cysts showed
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that while the smaller type varied in diameter between 6 and

8 fj.,
the larger types varied in diameter between 12 and 15 /x.

To determine whether the amoebae which developed from

these cysts remained true to type, a single cyst was isolated

under a lower power of the microscope on the point of a

brush or needle which had been dipped in gum, and the cyst

was then transferred to fresh culture-medium. It was found

that the amoebae always remained true to type, that is to

say, large cysts were always formed by amoebae which had

developed from a single large cyst, while small cysts were

always the product of small cysts. Moreover, the amoebae

from the large cysts were considerably larger than the

amoebae from the smaller cysts. There thus appeared at first

sight to be two species of amoebae present in the liver-abscess

culture. This supposition was further substantiated by the

fact that the other two types differed in respect to (a) their

methods of multiplication
;

(b) their behaviour in saline

solution; and (c) in other minor points. These points of

difference will now be discussed.

V

(a) Methods of Multiplication on Culture-medium.

The large amoeba was observed to multiply by endogenous

budding as well as by division into two individuals. On one

occasion a living amoeba in a pure culture derived from large

cysts was watched for some hours. During this period three

or four buds were formed within the body of the amoeba and

liberated from it. This method of multiplication was more

easily followed in fixed and stained specimens. Budding

was observed both in old and in young cultures. In one

case, an amoeba, which from its size appeared only lately to

have emerged from its cyst, already contained a bud almost

as large as itself (PI. 17, fig. 21), while an older and larger

amoeba showed as many as six buds in various stages of

development (PI. 16, fig. 4). It will be observed that the

method of budding here demonstrated (PI. 16, figs. 1-5,

PI. 17, figs. 16-20) differs materially from that described



STUDY OF PATHOGENIC AMCEB2E FROM BOMBAY. Ill

and figured by Noc (2), who describes the buds he observed

as very small, each bud containing a single minute fragment

of chromatin. So numerous were the buds within the body

of the parent amoeba that he says the term “ merozoite 99

could be aptly applied to the bred. In my experience

great difficulty was found in differentiating between the

bodies of bacteria ingested by an amoeba and lying within

its cytoplasm and small fragments of chromatin or chromidia.

It must be remembered than in cultures the amoebae are

always present with vast numbers of bacteria. Although

a number of stains were used none was found which satis-

factorily distinguished bacteria from chromidia. It was

therefore difficult to trace the origin of the buds. The buds

became recognisable within the cytoplasm of the parent

amoeba, when a larger mass of chromatic material was

assembled than could be reasonably explained on the sup-

position that it was formed from ingested bacteria. Around

these collections of chromatic material the cytoplasm of the

amoeba becomes differentiated from the rest of the cytoplasm

of the body. As this differentiation becomes more and more

marked the enclosed chromatic material more and more

closely resembled the structure of a typical nucleus, till

finally, within the body of the amoeba, a completely differen-

tiated amoebula is developed. At this stage the amcebula

escapes from the parent amoeba, and can then live a free

existence, grow and develop into a full-sized adult amoeba.

Division of this large amoeba from the liver-abscess

culture into two individuals was also observed in the living

condition. On one occasion a single amoeba was watched con-

tinuously for two hours and fifty-four minutes, and a detailed

record was kept of the various events that occurred during

this period. The culture in which this amoeba was observed

had been planted five and three-quarter hours before the

observations commenced. A number of amoebae had already

escaped from their cysts while still others had not yet

emerged from their cysts. The amoeba which was selected

for observation was a very active one. In progressing over
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the culture-medium it made its way by extruding two distinct

types of pseudopodia, viz. (1) coarse lobose pseudopodia,

consisting almost entirely of ectoplasm, were extruded for

the most part in the direction of movement, and (2) fine,

needle-like, short, pointed pseudopodia extended out from

the lobose pseudopodia as well as from other parts of the

body. A nucleus and contractile vacuole were plainly visible.

The vacuole contracted rhythmically and fairly regularly

almost every two minutes. The amoeba moved over the

medium at about the rate of 160 fx in thirteen minutes. As

it progressed it encountered in its path little groups of cocci

which were growing with it on the culture-medium. During

one hour and thirty-eight minutes before the amoeba divided

into two individuals, one hundred and eight cocci were

ingested by the amoeba under observation. The cocci

were taken into the protoplasm of the amoeba in groups of

two or four. When larger groups of cocci were encountered

the amoeba broke them up into smaller groups and then

ingested them. Four minutes after ingestion the cocci were

seen to be contained within a vacuole. The vacuoles con-

taining the cocci moved about through different parts of the

protoplasm, and as digestion proceeded they at first became

larger, then, becoming smaller, they slowly disappeared. (On

a neutral-red medium it was easy to demonstrate that the

contents of the vacuoles had an acid reaction.) The cocci

within the vacuoles for a time remained visible, but gradually,

in the course of fifteen minutes, melted from view. After

watching the amoeba for one hour and thirty-eight minutes,

it gradually became more and more sluggish and the

contractile vacuole contracted less and less frequently. These

changes occurred immediately after the amoeba had engulfed

piecemeal a group of thirty cocci, the amoeba appearing to

be satiated with this big meal. The amoeba had meanwhile

assumed a rounded form, withdrawing all lobose pseudopodia,

but still the fine needle-like pseudopodia projected from its

surface. The movements of the protoplasm, which up to

this time had been active, gradually ceased altogether, and
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the protoplasm became more and more granular. The

nucleus, which up to this point had been clearly visible, could

now no longer be distinctly defined. No movement of any

sort was noticed for a few minutes. Some ten minutes

after the amoeba had engulfed the last cocci, and a few

minutes after all movement had ceased, the amoeba slowly

changed from a rounded to a more oval form, becoming

oblong, then elongated. Two small indentures next appeared

in the protoplasm on either side, about the middle of the

body. These indentures deepened, till, meeting, two amoebae

were formed. Division was complete in three minutes after

the first appearance of the indentures mentioned above, and

about thirteen minutes after the last cocci had been taken up

as food. No trace of a nucleus could be made out in either

of the two new amoebae immediately after division. The

newly formed amoebae soon moved away from one another,

and in three minutes one of them had approached and

engulfed a group of nine cocci. A nucleus now gradually

appeared in each amoeba, but not till five minutes after

division had been completed could it be clearly defined,

meanwhile, as has been remarked above, the amoebae moved

about and even fed. Each amoeba by this time had a

contractile vacuole which rhythmically contracted about once

every two minutes. The young amoebae were watched for

nearly an hour longer; no fresh points of interest, however,

were noticed. The observations were abruptly terminated

by an accidental knock to the Petri dish, which caused the

amoebae under observation to be moved out of the field of

vision, and made it impossible to recognise with certainty

those which had been watched from other amoebae in the

culture. I have not been able successfully to follow in a

series of stained specimens the various changes described

above seen in the living amoeba?. (Since writing this, with

the assistance of Mr. C. H. Martin, divisional forms have

been studied in stained specimens. The division is indirect

or by mitosis.)

While thus the large amoeba from the liver-abscess culture
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showed two methods of multiplication, the small amoeba,

cultivated from the small cysts of the same culture, was

never seen to give off buds. Actual division in the living

state was not observed in the case of this amoeba, but in

stained preparations dividing forms were fairly easily found.

Division in this case is direct or amitotic. Three such forms

have been sketched from a single slide, while in other slides

other stages of division have been observed.

(b) The Behaviour of the Amceba in Saline Solution.

One of the most striking differences between the two

species of amoebae found in the liver-abscess culture was

brought into evidence when dilute saline solution 5 per cent,

was added to an actively developing culture, time being

allowed for the amoebae to recover from the shock produced

by the addition of the liquid. To demonstrate this difference

between the two species of amoebae the best results were

obtained by placing a drop of the mixture of the amoebae

and saline solution on a slide and allowing it to remain for a

few minutes in a warm moist chamber before fixing in

Flemming’s solution or sublimate-acetic mixture. The drop

containing the amoebae must not be covered with a cover-

glass, but should be spread out in a thin layer and left freely

exposed in a moist chamber. Adopting this method of pre-

paring and fixing specimens, it was found that the large

amoeba always assumed a more or less rounded form, with

lobose and numerous fine needle-like pseudopodia projecting

from the surface. The small amoeba on the contrary almost

always assumed an elongated worm-like or gregarine shape,

throwing out one or two long lobose pseudopodia either

directly in front or often from the side so that L-shapes and

Y-shapes, as well as long I -forms, were developed.

That Noc was dealing with both these types of amoebae is

evident, not only from the measurements of the cysts he

worked with, but also from the drawings on his plate X. The

drawings show both forms, the majority representing the
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large amoeba type, while his fig. 20 is a typical specimen of

the small amoeba described above.

(c) Minor Points of Difference.

Other less important differences were noted between the

two types of amoeba found in the liver-abscess culture. Thus,

for example, the nucleus of the large amoeba in the living

state was more clearly seen than that ot' the small amoeba.

The ectoplasm, too, was more clearly differentiated from the

endoplasm in the case of the large amoeba than in the small

amoeba. Then, again, a yellow pigment-producing coccus,

which was a peculiarly favourable organism to grow with the

large amoeba, appeared to be quite unsuitable for the smaller

amoeba.

From what has been said above, it is evident that two very

distinct species of amoeba were present in this liver-

abscess culture, and although a somewhat limited arnouut of

attention has been given to the cultures derived from other

sources, it is possible that the cultures from the Bombay City

water aud from the monkey, which contained an amoeba very

closely resembling the large amoeba from the liver-abscess

culture, nevertheless differed from it. The small amoeba

from the liver-abscess culture very closely resembled that

found in the culture from a dysenteric stool.

An attempt was made further to differentiate between the

two species of amoebae found in the culture from liver-

abscess by carrying out experiments on animals. For the

purpose of these experiments young kittens were selected.

The two species of amoebae were isolated in pure mixed

culture, and, when the amoebae had encysted, an emulsion of

each species was made in saline solution. Four kittens,

whose faeces in the first instances had been examined micro-

scopically and by culture for the presence of amoebae with

negative results, were experimented upon as follows : Two
were fed by means of a small stomach-tube, the one with an

emulsion of large amoeba-cysts, the other with an emulsion



116 W. GLEN LISTON AND C. H. MARTIN.

of small amoeba-cysts. The two other kittens were injected

per rectum, the one with an emulsion of large amoeba-cysts,

the other with an emulsion of small amoeba-cysts. On the

following day, as well as on the third day after treatment,

the stools were examined both microscopically and by

cultures for the presence of living amoebae, but none were

found. The kittens were healthy a fortnight later. These

physiological tests were, then, unsuccessful in demonstrating

any pathogenic properties in either species of amoeba found

in the liver-abscess culture, and they also failed to distinguish

the one species from the other. Too much stress, however,

cannot be placed on the failure of these experiments, not

only because of their small number, but especially when the

complicated conditions which are associated with the living

together of bacteria and amoebae are kept in mind, and to

which some reference will be made later. Nevertheless, the

negative results of these experiments are in conformity with

the more numerous ones carried out by Noc and reported by

him (2). By way of contrast, I found it interesting to study

sections of the large intestine of a cat v which had been

infected with dysentery by the rectal injection of the stools

of a patient suffering from dysentery in the Straits Settle-

ments. This material was kindly supplied to me by Dr.

Ledingham. Sections of this tissue showed well-marked

dysenteric lesions associated with the presence of amoebae,

the amoebae being found together with bacteria, not only

in the mucosa, but penetrating into the submucosa in

the neighbourhood of the ulcerations. It is interesting to

compare the morphological appearance of these amoebae with

those found in the cultures. In the first place, the amoebae

in the sections of the cat’s intestine were considerably larger

than even the larger type found in my cultures. The nuclear

structure of these amoebae, too, differed remarkably from

that of the amoebae of the cultures. Thus, while the

chromatic substance of the nucleus of the cultural amoebae

was abundant and differentiated into a large central portion

and a thin peripheral layer, the chromatic substance of the
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nucleus of the amoebae found in the sections was very scanty,

and confined for the most part to the periphery of the nucleus.

These observations are in accord with those of Noc, who,

when writing of the amoebae which he isolated in culture and

comparing them with Schaudinn’s E. histolytica, and living

forms isolated from the walls of a liver-abscess, points out

that the cultural amoebae were always smaller and contained

more chromatin in the nucleus than those found in the tissues

of a liver-abscess or of a dysenteric ulcer. How far these

differences can be accounted for by differences in the methods

of fixation and by the nature of the medium in which the

amoebae have respectively developed it is difficult to say,

yet it is evident that the amoebae which grow in cultures

differ markedly in morphological characters from those found

in sections of diseased intestine. Further study with fresh

pathological material seems to be necessary before any

definite conclusion can be arrived at as to whether the

amoebae obtained in cultures are the true cause of dysentery.

A few more details of the development of the amoebae in

cultures remain to be mentioned. The following observations

concern particularly the large amoebae of the liver-abscess,

which was studied in greater detail than the smaller amoebae.

A single amoeba has frequently been watched as it became

encysted. Coming to rest the amoeba gradually shrinks and

becomes condensed. During this period' the contractile

vacuole beats more and more slowly; finally, having attained

often an unusually large size, it very slowly shrinks and dis-

appears. Other vacuoles in the protoplasm also disappear.

Then a cyst-wall develops around the amoeba. A single

nucleus is alone visible within the cyst as long as it remains

transparent and its contents can be stained.

When cysts formed in this way are planted on fresh

medium the first change that is noticed is a gradual swelling

of the cyst and the development of an increasingly large

vacuole within it. The cyst-wall soon ruptures at some indefi-

nite point and a single amoeba slowly flows out through the

breach.
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It is apparent that when conditions are unsuitable for the

growth of the amoeba, a single individual by condensation
of its protoplasm and the development of a cyst-wall becomes
encysted, and, when the conditions are favourable, a single

amoeba escapes from this cyst. No evidence of conjugation
was observed before encystment and no multiplication or

division of the nucleus noticed, either immediately before or

after encystment. Encystation appeared to be a purely

protective measure. Outside the body the amoeba was
able to feed and to multiply under favourable circumstances,

but it encysted when circumstances were unfavourable for

development.

I will pass on now to describe some experiments which
were made with a view to finding- out whether the large

amoeba of the liver-abscess culture could absorb food osmoti-

cally and live and multiply on the agar medium in the absence

of bacteria.

Much time was spent in the first instance in attempting to

get the amoebae from the four sources mentioned above to

grow with a single species of bacteria. This was compara-

tively easily accomplished with the large amoeba from theliver-

abscess culture, but with greater difficulty in the case of the

other amoebae. All the “ pure mixed ” cultures were ultimately

obtained with motile organisms except in the case of the

large amoeba from the liver-abscess. In this case the amoeba

was cultivated with a variety of motile and non-motile

organisms, but particularly with a non-motile, yellow, pigment-

producing coccus. With this pure mixed culture a number of

experiments were conducted, and these are detailed below.

This amoeba with the non-motile coccus multiplied enor-

mously on the agar medium. The young amoebae moved

away from the immediate neighbourhood of the bacteria and

ultimately became encysted. Using such a culture it was

comparatively easy to separate amoeba cysts from bacteria.

With these cysts free from bacteria a number of experiments

were carried out.

(1) A single cyst, free from bacteria, was isolated and
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placed on fresh agar medium. A single amoeba twelve hours

later was found to have escaped from the cyst and was

moving over the medium. Forty-eig’ht hours later a single

amoeba was alone still actively moving over the culture

medium
;
no multiplication had occurred. On the third day

the amoeba had become encysted again. In this case a

single amoeba had emerged from a single cyst and moved
about for two days on the culture medium, which was free

from any bacterial growth; no multiplication had taken place,

but on the third day encystation had again occurred.

(2) A few cysts free from bacteria were planted out on an

agar medium which, in the first place, had been smeared on one

occasion with fresh sterile mouse's liver, on another occasion

with fresh sterile unheated guinea-pig’s liver. The amoebae

in due course emerged from their cysts and were observed to

feed upon the red blood-cells and broken-up liver-cells of the

smeared agar surface. The liver-cells which were not

damaged or broken were too large to be engulfed by the

amoebae, which were approximately of the same size as these

cells, some amoebae, however, made attempts to swallow whole

liver-cells, spreading themselves around the cells m a thin

layer, but never succeeding in completely surrounding the

liver-cell. A single amoeba on one occasion was watched for

two hours and a half while moving about on the agar medium
smeared with fresh sterile guinea-pig’s liver. During this

time this amoeba ingested and digested four red blood-cells,

and attempted as well to take up a number of liver-cells as

large as itself.

While thus the large amoeba of the liver-abscess culture

was seen to feed upon red blood-cells and broken down liver-

cells, very little multiplication of the amoebae was noted.

Generally, without dividing, the amoeba) became encysted

again. This was inferred from the fact that the number of

cysts found after some days was very little in excess of the

number originally placed on the medium. With the object

of stimulating multiplication of the amoeba) the following

procedure was adopted :
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A number of sterile agar plates were smeared with fresh

sterile guinea-pig’s liver. These were placed in the incubator

for two days to make sure that no bacteria had been planted

on the surface of the medium during the preparation of the

plates. Then to plate (a) a drop or two of an emulsion

of the yellow coccus in saline solution, which had been boiled,

was added at the same time as some bacteria-free cysts were

planted on the liver-smeared culture. To (b) a drop or two

of sterile saline solution was added as well as a few

bacteria-free cysts. To (c) a drop or two of very weak sterile

sodium carbonate solution with bacteria-free cysts was added.

To (d) a few living yellow cocci in salt-solution were added

with bacteria-free amoeba- cysts.

The plates were then placed in the incubator and on the

following day were examined. In each case living and

moving amoebae were observed. The plates were kept under

observation for some days longer, and it was noted that while

very little multiplication of the amoebae had occurred in

cultures A, b, and c in D, in the neighbourhood of the colonies

of cocci, the amoebae had multiplied enormously.

So far as it is possible to judge from a single experiment

like the above, it would appear that multiplication of the

amoebae only occurs in the presence of some substance which

is apparently connected with the life of the bacteria, a

substance which is destroyed by boiling. In this connection

the following casual observations are worthy of record : On a

number of occasions it was noticed that if the number of

cocci planted with the amoeba-cysts was considerably in

excess of the number of cysts, and particularly if the medium

in which the culture was made favoured the development of

the cocci, the amoebae failed to develop, while the cocci

flourished. On two or three occasions, when apparently a

culture of amoebae was growing well and multiplying in the

presence of a colony of the yellow coccus, a stage was reached

when the bacteria appeared to have produced some secretion

which, diffusing outwards from the colony, caused those

amoebae which were in the immediate neighbourhood of the
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colony, and which had not become encysted, to be dissolved,

the amoebae appearing to break up, melt, and disappear.

On one occasion this condition was brought about by stirring

up and spreading a little of the yellow coccus colony which

was growing in the midst of a luxuriant culture of amoebae.

These observations lead me to believe that a very delicate

balance is maintained in a successful culture of amoebae and

bacteria. While on the one hand the amoebae eat up and

digest the bacteria, the bacteria, on the other hand, seem to

produce some substance or substances which at one time

stimulates the amoebae to multiply, at another time actually

brings about their destruction.

From what has been said above it is evident that I have

not succeeded in showing that this amoeba can absorb its

food osmotically or live successfully without living bacteria;

but I think certain lines for future research have been opened

up which may ultimately explain the necessary connection

which seems at present to exist between bacteria and the

development and multiplication of amoebae outside the body.

No one can be more conscious of the incompleteness of the

work detailed above than myself. This paper has been

written only because an opportunity may not present itself

in the immediate future to continue this inquiry on my return

to duty in India. It seems to me important, in the presence

of a number of different species of amoeba)' which may be

found inhabiting the human intestine or in dysenteric lesions,

that greater care should be taken in distinguishing one

species from another, and specially the pathogenic from

harmless commensal amoebae.

Conclusions.

Two distinct species of amoeba) isolated from a liver-

abscess have been cultivated on an agar medium. One at

least of these amoebae in cultures does not multiply in the

absence of living bacteria. The same bacteria which, when
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alive, stimulate the amoebae to multiplication, when boiled

and eaten by the amoebae lack this power.

Amoebae have been seen to feed upon and digest red blood-

corpuscles, but in the absence of liviug bacteria failed to

multiply on agar cultures.

Lister Institute,

November, 1910.

Part II.—Descriptions of Preparations of Amoebae from Major

Liston’s Cultures. By C. H. Martin.

In November of last year, Major Liston was kind enough

to hand over to me some preparations and cultures of

amoebae, with a request that I should look through them.

The preparations were made from cultures of five different

strains of amoebae, under the circumstances which Major

Liston has described in Part I of this paper.

Major Liston has given an account of his observations on

three of these forms, and since the live cultures unfortunately

dried off in my hands before sub-cultures could be made, it

only remains for me to add a few notes on the details of

division and budding from the stained films of the larger type

of amoeba from liver-abscess. I have also, for the sake of

completeness, given a short description of the other amoebae,

in the hope that I may be able at some future date to give the

results of further work on live cultures.

The Larger Type of Amceba from Liver-Abscess.

As will have been seen already from Major Liston's des-

cription, this is a very well-marked form, both from a

morphological and a physiological standpoint. In stained

preparations the full-grown amoeba is characterised by a

nucleus in which the mass of the chromatin is condensed

into a large round karyosome (PI. 16, figs. 1-5). In addition

to the chromatin of the karyosome, there is a cloud of fine
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granules forming a peripheral zone close beneath the nuclear

membrane. With Twort’s combination of neutral red and

Lichtgriin (PI. 17, figs. 17-20), or when preparations stained

with iron-haeinatoxylin are counter-stained with Lichtgriin

(figs. 14-16, 21), the peripheral zone is coloured green, a

reaction which indicates that achromatic elements predominate

in this region, and that a true achromatic membrane is

present enveloping the nucleus. The dense karvosome

frequently shows a central lighter region in which one or

two darker grains, doubtless of the nature of centrioles, can

be made out.

The numerous food-particles (chiefly ingested bacteria)

which are present in the cytoplasm, and which take up the

ordinary nuclear stains very strongly, render the precise

study of the chromatin-grains very difficult
;

but in some

well-stained examples there seems to be distinct evidence of

passage of chromatin-granules into the cytoplasm, where they

may form a more or less irregular chromidial mass surrounding

the nucleus or scattered through the cytoplasm, which, con-

sequently, is coloured a more or less deep red with the

neutral red combination (PI. 17, figs. 17-20). It will be

necessary to return to this point in connection with the

phenomena of budding.

As has been stated above, the large amoebse in the liver-

abscess may reproduce in the cultures in one of two ways :

(1) by simple division with karyokinesis
; (2) by the forma-

tion of endogenous buds.

(1) Division.—The main features of the behaviour of the

nucleus in this case make it clear that the process of division

is a mitosis, and this is fully confirmed bv Major Liston's

live observations. Unfortunately I have not been .able to

obtain evidence as to the method in which the nuclear spindle

is formed. In the earliest examples of division that I have

been able to recognise the nuclear spindle is already fully

formed (PI. 16, fig. 7), and the chromatin of the nucleus

lies in the equatorial plate in the form of a number of rather

irregular masses. In the later stages of division (PL 16,

VOL. 57, PART 2. NEW SERIES. 11
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figs. 8 and 9) the chromatin-masses have divided and

separated slightly, and it is, I think, interesting to note,

from a comparison of the early and late stages of division-

figures (PI. 16, fig. 7 and fig. 10), that the separation of the

chromatin-masses does not appear to be due in any marked
degree to the shortening of the polar threads of the spindle

between the centrioles and the chromatin-masses, but rather

to a growth and elongation of the separation-spindle between

the two daughter-plates. In the still later stage of division

shown in PI. 16, fig. 11, the upper nucleus has practically

assumed the resting condition, and would seem to show that

the chromatin of the daughter-plate forms the mass of the

karyosome, in which the centriole is probably included.

(2) Budding.—The most common form of reproduction

for the larger type of amoebae from liver-abscess is effected

by the formation of fairly large buds, as has been described

already by Major Liston in the account of his observations

on the live amoebae. There is no evidence on the stained

films of this form for the formation of the numerous very

small buds described by Noe (2) for va similar amoeba

obtained by him from liver-abscesses in Cochin-China. In

the majority of the forms studied by us only one bud is

formed at a time, though there are cases where this number

may be exceeded (PI. 16, fig. 4 and fig. 10).

The nucleus of the amoeba takes no direct part in the

formation of the bud. There is absolutely no evidence,

either from observations on the live amoebae or from the

stained films, for any form of nuclear division connected with

the bud-formation; and, on the other hand, it is quite clear

from the stained preparations that the cytoplasm of the bud

is completely cut off from that of the parent at a stage in

which the bud shows no distinct nucleus. A comparison of

different stages in the growth of the bud shows that the nucleus

of the bud arises from chromidia contained in it when it is

first formed, and derived from the chromidia scattered through

the cytoplasm of the parent.

When first recognisable, the bud is seen as a small sphere,
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about 3 jjl in diameter, separated from the surrounding cyto-

plasm of the parent by a clear space (PI. 16, fig. 6 ;
PL 17, fig.

19) ;
at this stage the substance of the bud shows no difference

from that of the parent cytoplasm, except that with TworPs
stain it stains a deeper red (PI. 17, fig. 19), indicating that

the chromidia are present in greater quantity, probably as the

result of growth and increase of the chromatin-substance in

the bnd itself after it lias been cut off from the parent. The bud,

imbedded completely, in the maternal cytoplasm, grows until

it attains a diameter of 9-10 ft or more. The chromidia con-

tained in the bud condense into irregular strands of chromatin

(PL 16, figs. 2 and 3; Pl. 17, figs. 17, 18), which gradually

become arranged into a nucleus of the type ot‘ that possessed

by the parent (PL 16, fig. 4; PL 17, fig. 19). But by no means

all the chromidia contained in the bud are used up to form

its nucleus
;
a certain number remain over (PL 16, figs. 3, 4, 6 ;

Pl. 17, figs. 18-21), so that the fully formed bud contains

chromidia in its cytoplasm in addition to a nucleus. The bud

at the time of its escape may show a well-developed nucleus

with a karyosome (Pl. 16, fig. 4), but more frequently this

change is completed after the young amoeba is set free (PL 16,

fig. 6). The young amoebae begin to form buds in their turn

long before they are full grown (PL 17, fig. 21).

The question of the cysts is rather a difficult one, and

needs further work on live cultures. In smears from

cultures about eight hours old amoebae may be seen stiil

enclosed in a smooth-walled cyst with the vacuole which

Major Liston has described as being developed in the

escaping form (PL 16, fig. 12). On the other hand, empty

rough-walled cysts are also found. The latter may be due to

a shrinkage of the cyst after the amoeba has escaped, but it

must be confessed that they seem rather too large to be

explained on this hypothesis (PL 16, fig. 13).

The Smaller Type of Amceba from Liver-Abscess and the

Dysentery-Amoeba:.

The small type of amoeba from liver-abscess (PL 18, figs.

22-24), and the dysentery -amoebae (PL 18, figs. 25-29), seem



126 W. GLEN LISTON AND C. H. MARTIN.

to agree absolutely in regard to all their essential features.

In both these types it seems rather difficult to stain the

nucleus satisfactorily, and moreover, there seems to be

evidence for a series of remarkable morphological changes

in the structure of the nucleus of this form, the significance

of which is not at present clear to me (PL 18, figs. 22-24).

From the observations on the live cultures it is evident that

the nuclear division is amitotic, and neither from such

observations nor from the stained films is there any evidence

whatever in this type for the occurrence of endogenous

budding. Until more time has been spent on this form, and

fresh material obtained of it, it is impossible to estimate to

what extent it may differ from Schaudinn’s Entamoeba
histolytica.

As regards the other two amoebae, that from the monkey’s

rectum (PJ. 18, figs. 31, 32) was on the stained fiims a roughly

spherical form, with rather darkly staining cytoplasm,

measuring about 15 /ul in diameter. The cytoplasm contained

numerous vacuoles. In the nucleus the chromatin was chiefly

condensed in the large central karyosomev and in a distinct

peripheral zone of fairly large granules. The amoeba

cultivated from Bombay tap-water (PI. 18, fig. 30) measured

about 16 by 10 /a
;

its cytoplasm was clear, and in some cases

markedly vacuolated. The nucleus showed the chromatin

massed in a central karyosome.

Although I am sure that further work on these forms would

lead to interesting and valuable results, yet I feel that there

is already evidence amply sufficient to prove Major Liston’s

main contention that the larger amoeba from liver-abscess is

quite a distinct type, different from the other small form

here described; in fact, when one regards the simple method

of reproduction by endogenous buds seen in this form, it

may be doubted whether it ought to be included in the amoebae

at all, but having regard to our present ignorance of this

form, it may be appropriate to leave it for the present in the

group which Schaudinn has pithily described as “ ein

Sammeltopf der heterogensten Elemente.”

Lister Institute,

April 4th, 1911.
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EXPLANATION OF PLATES 16-18,

Illustrating Major W. Glen Liston and C. H. Martin’s
IC Contributions to the Study of Pathogenic Amoebae from

Bombay.”

[All the figures are drawn with the camera lucida to a magnification

of 2000 linear, using Zeiss objective apochr. 3 mm. liomog. imm. N.A.

1*40, compens. ocular 18.]

PLATE 16.

Large type of amoeba from liver-abscess. All the preparations are

stained with Heidenliain’s iron-hsematoxylin, after fixation with

Schaudinn’s fluid 4>r sublimate-acetic.

Figs. 1-6.—Stages of endogenous bud-formation.

Figs. 1 and 2.—Early stages; in fig. 2 irregular chromidial strands

are seen in the bud.

Fig. 3.—Later stage
;
the chromidial strands are condensing to form

the nucleus of the bud.

Fig. 4.—Amoeba showing six endogenous buds, one of which has the

nucleus completely formed.

Fig. 5.—Extrusion of a fully-formed bud.

Fig. 6.—Free bud, with nucleus not quite fully-formed.

Figs. 7-11.—Karyokinesis and cell-division.

Fig. 7.—Early stage; the spindle is fully-formed, but the equatorial

plate is not split.

Fig. 8.—Splitting of the equatorial plate.
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Fig. 9.—The daughter-plates separating.

Fig. 10.—The daughter-plates widely separated
;

reconstitution of

the daughter-nuclei beginning.

Fig. 11.—End of nuclear division
;
one daughter-nucleus is completely

reconstituted, the other shows remains of the spindle. Division of the

cell-body beginning.

Fig. 12.—Encysted amoeba, about to escape from the cyst.

Fig. 13.—Empty cyst with rough wall.

PLATE 17.

Large type of amoeba from liver-abscess. Figs. 11—16 are counter-

stained with Lichtgriin-picric after iron-hsematoxylin; figs. 17-20 are

stained with Twort’s combination of neutral red and Lichtgriin.

Figs. 14 and 15.—Amoebae with ingested bacteria; in fig. 14 the

karyosome appears to be breaking up.

Figs. 16-21.—Amoebae showing endogenous bud-formation.

Fig. 16.—Amoeba with two buds, one very small, in the earliest stage

of formation, the other full-sized, with the chromidia beginning to form

the nucleus.

Fig. 17.—Amoeba with full-sized bud, which contains only scattered

chromidia.
V

Fig. 18.—Similar stage, the nucleus of the bud beginning to be

differentiated.

Fig. 19.— Amoeba with three buds, two in a very early stage of forma-

tion, the third full-grown, with nucleus completely differentiated.

Fig. 20.—Amoeba containing fully-formed bud.

Fig. 21.—Young amoeba, not full-grown, containing a bud which is

full-sized and has the nucleus in an advanced stage of differentiation.

PLATE 18.

Figs. 22-24.—Small type of amoebae from the liver-abscess, showing

stages of the division of the nucleus. Stained with Delafield’s

hsematoxylin.

Figs. 25-29.—Amoeba from dysenteric stools. Figs. 28 and 29 show
early stages of nuclear division. Iron-hsematoxylin.

Fig. 30.—Amoeba isolated from Bombay tapwater. Iron-hsema-

toxylin.

Figs. 31 and 32.—Amoebae from the rectum of a monkey. In fig. 27

the nucleus has recently divided. Iron-hsematoxylin.
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The Division of the Collar-Cells of the Calcarea
Heteroecela.

By
31Uriel Robertson, 3I.A.

With Plate 19.

Introduction.

In 1910 Prof. Minchin and I described (5) the division of

the collar-cells in the sponge C 1 athrina coriacea (Montagu)

with a view to obtaining an insight into the behaviour of

the basal granule of the flagellum during cell-division.

In Clathrina coriacea and the Clathrinidse generally

the nucleus lies at the base of the collar-cells, and, just

before division, comes to the apex, which is the position it

occupies in the embryo. In the Leu cosolenidse and most

Heterocoela, on the other hand, the nucleus lies towards the

apex thoughout the whole life of the sponge, and the flagellum

arises from a granule which is only very little removed from

the nucleus, and attached to it by a double rhizoplast. At

Prof. Minchin's suggestion I have recently investigated the

division of the collar-cells of two members of the Heterocoela,

namely, Grantia compressa and Sycon sp., 1 to see how
the process compares in the two families.

It was at first expected that the basal granule or ble-

pharophast of the flagellum in Grantia and Sycon would

lie actually in the nucleus, but that is not the case
;

the

blepharoplast in the vegetative condition of the cell is placed at

the apical margin, and is connected with the nucleus by a

1 Either Sycon ciliatum or S. coronatum ;
it was not possible

to determine the species, since the methods of preservation used were

such as dissolved the spicules.
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double rhizoplast (figs. 1-5, 21). One is therefore here, as in

Clathrina, dealing with an extra-nuclear structure. Both
in the earlier paper published with Prof. Minchin and in the

present account the work has been done with the view of

elucidating the blepharoplast-centrosome question, and not

from the standpoint of the morphology of the sponge.

The literature of the subject was fully discussed in the earlier

paper, and I propose only to consider here a few additional

publications which have particular bearing on the questions

under investigation. These will be treated under the General

considerations” at the end of the paper.

Material.

The material was obtained from the Marine Laboratory at

Plymouth, and was fixed in various ways. Corrosive sublimate

and acetic acid, Flemming’s fluid and Bouiu’s fluid were all

used
;

of: these Bouin’s fluid gave unquestionably the best

result. The stains used were Heidenhain’s iron-hasmatoxyliu •

iron haematein, according to Dr. Seidlin’s method (‘ Parasi-

tology/ vol. iv, p. 94), and Twort’s combination of neutral

red and Lichtgrim
;
these all gave good results, and were used

with good effect to supplement and control each other.

The collar-cells of these sponges form, as is well known, a

single layer of epithelium lining the radial tubes or flagellated

chambers. The shape of the cell is subject to considerable

variation, according to the exact condition of the sponge, and,

indeed of the different parts of the sponge, at the moment of

fixation
;
they are, however, usually either flask-shaped (fig. 1),

or shaped like chimneys *(fig. 2). The collar is a delicate

tubular structure which projects from the free end of the

cells, and varies somewhat in length according as the cell is

fully extended or not. These structures are of extreme

delicacy, and are easily destroyed by unsuitable fixation.

The cytoplasm of the cell is granular and vacuolated, and

may show large inclusions. The nucleus lies a little below the
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apex, and though usually spherical, may sometimes be slightly,

drawn out towards the top of the cell. The blepharoplast is

a small granule staining intensely with iron-haematoxylin

;

with iron-hasmatein it shows quite sharply, but is pale grey

in colour, while the chromatin of the nucleus is a blueisli-

black; with Twort’s stain it is not very readily visible, but

whenever it can be made out it is always of the cytoplasmic

colour, namely, green (fig. 28). There is no shred of evidence

in the staining reaction to suggest that the structure in

question is of a chromatic or nuclear nature. To insist on

the achromatic nature of a centrosome (as in effect the

blepharoplast of a collar-cell really is) at the present date

seems a useless waste of energ}7 and almost an anachronism,

were it not for the recent theories of such well-known workers

as Hartmann and Prowazek (2a). The centrosome-blepharo-

plast. is situated at the extreme upper edge of the protoplasmic

body, and is connected, as has already been said, with the

nucleus by a double rhizoplast. Iu many cases the double

nature of this last structure escapes observation, the two

strands lying very closely side by side. It is, however,

obvious from a careful study of a sufficiently large number of

cells that two strands (sometimes widely separated from each

other and forming a triangle as in figs. 3 and 5) and not one

only connect the blepharoplast with the nucleus. This

rhizoplast persists throughout the whole life of the cell except,

as will be seen hereafter, for a very short period immediately

before division. From the blepharoplast arises the flagellum,

which is of considerable length and extends beyond the

collar.

To talk of the nucleus of any living and functioning cell

as being in the resting state is a self-contradictory phrase

which cytologists are only gradually abandoning. In the

collar-cells the variety of appearance in the nucleus of the

non-dividing cells is particularly striking. I ufortunately

from the nature of the case one is unable to correlate the

physiological state and the particular appearance of the

nucleus, and of the distribution of the chromatin, etc., within



132 MURIEL ROBERTSON.

it. One or two points can, however, be observed. It has been

noticed that the nucleus immediately before division

always shows a dense staining karyosome which disappears

during the formation of the primitive spireme (fig. 9). There

is, of course, no proof of the converse, and it by no means

follows that because the nucleus shows a dense kaiyosome it

is therefore about to enter upon division. In the work on

Clathrina a corresponding point was observed, namely, that

cells about to divide showed a pale nucleus containing a dense

karyosome. Another point in the life of the cell can, as it

were, also be caught, and that is the period immediately after

division. The young daug'hter-cells have certain characteristic

features to be noted later, and can readily be recognised.

The nucleus in these cells is always of the reticulate type, and

does not show the karyosome (fig. 21). Whether this be-

haviour on the part of the karyosome may prove of importance

when we know more of what induces a cell to divide cannot

be determined at present, but is worth recording in passing.

Mitosis.

The first alteration to be observed in a collar-cell about to

divide is usually the disappearance of the flagellum and the

subsequent division of the blepharoplast, which has at this

stage lost its connection with the nucleus. The exact

sequence of these early processes is, however, subject to

a good deal of variation, and sometimes the flagellum is

retained until after the division of the blepharoplast (fig. 10).

In the nucleus itself very characteristic changes take place,

culminating in a curious phase which is of very constant

occurrence and which corresponds to the spireme-stage. The

dense karyosome gradually breaks up (figs. 3-10), and there

are formed a number of masses of chromatin which become

increasingly definite in appearance; they are connected

together at this stage by delicate filamentous strands which

do not take up the chromatin stains. This condition

corresponds to the spireme-stage, which never reaches a



DIVISION OF COLLAR-CELLS OF CALCAREA HETEROCCELA. 133

greater development than this in the case of collar-cells;

a glance at figs. 6 and 10 will make it clear how far removed

it is in appearance from the long continuous coiled thread so

universally seen in more developed types of karyokinesis.

Speaking generally, the blepharoplast divides just before the

above changes take place iu the nucleus, but here again

slight variations in the time-relations are very often to be

observed. The blepharoplasts gradually move apart, but

may sometimes be joined for a time by a strand
;
this stage is

of rare occurrence and is illustrated in fig. 8. More often the

blepharoplast divides and the daughter-blepharoplasts move

apart without the junction between them persisting. These

two little granules are destined to play the part of centrosomes

in the coming mitosis, but do not show the radiations passing

out from them which are so characteristic of most centrosomes.

As time goes on they come to lie on either side ot’ the nucleus,

and a spindle-apparatus is formed between them. In fig. 11

an interesting stage is shown where the spireme is not yet

quite complete and the first signs of the spindle can be seen

arising between the controsomes on either side of the nucleus.

The mitosis proceeds and the equatorial plate is formed, but

the chromosomes are not very distinct. At this stage there

grows out from the centrosomes on either side the first

rudiment of the new flagella (figs. 12-16 and 21), thus

exactly repeating the state of affairs observed in Clathrina

coriacea. The diaster-stage (figs. 17-19) follows in due

course, and the two poles of the spindle each with its mass

of chromatin curve upwards through approximately a right

angle (figs. 20 and 21).

The centrosome-blepliaroplast is still connected with the

chromatin mass by a double strand (figs. 20, 21), which is

the remains of the spindle. This connection persists as the

double rhizoplast already noted and only disappears again

just before the next division. In Clathrina this junction

disappears and the blepharoplast is completely cut adrift

from the nucleus during the vegetative life of the cell. The
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two dense chromatin-masses of the diaster-stage re-form into

the two nuclei of the daughter-cells. The spireme is entirely

suppressed at this point, and the reconstituted nuclei are, as

has already been noted, of the reticulate type (figs. 22, 23).

The young cells are narrower and project forward beyond the

epithelium, and the nuclei appear for a time to be rather

smaller than those of the neighbouring cells. The collar

disintegrates at an early stage and is re-formed anew in each

of the daughter-cells. It is interesting to note in passing

that, although this is a quite typical metazoan mitosis, it reveals

one or two rather primitive features, such as the very slight

development of the spireme, the absence of rays from the

centrosomes, and the general indistinctness of the chromosome.

General Considerations.

The main feature of interest in the foregoing account is that

we have here another instance of a blepharoplast playing

the part of centrosome, and the chief importance of the

observation lies in the evidence it brings as to the simple

achromatic nature of this structure. In a recent paper

Hartmann and Chagas (1) describe the division of a number
of free-living- flagellates, and some of the forms they deal

with are of particular interest.

The part of their work that bears most immediately on the

question under consideration is that which treats of the

division of Spongomonas uvella and Spongomonas
splendida. Here two flagella are present in each individual,

and there are two blepharoplasts which are generally not

connected in any way with the nucleus and resemble in this

particular the condition found in the collar-cells of Clath-

rina coriacea. The authors are inclined to think that this

is due to a secondary absorption of the rhizoplast, and is, as

it were, a late condition in development. They are led to

this conclusion by the fact that immediately after division

the cells of Spongomonas show a quite clear connection

between the blepharoplast and the karyosome of the nucleus.
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In these forms there is a centriole present in the karyosome.

At division the centriole divides into two parts joined by a

centrodesmose, and a fairly well-developed mitotic spindle is

formed with the centrioles at the two poles and the chromatin

arranged in an equatorial plate at the centre. The centrioles

generally divide a second time during the course of mitosis,

the two granules thus formed lying close beside each other in

each case. The behaviour of the flagella is of particular

interest; the old flagella are thrown off very early at the

outset of division. In the majority of cases the new flagella

arise after the completion of mitosis by what the authors call

the heteropolar division of the reconstructed karyosomes. It

is best to quote the description of the subsequent events in

the authors own words : “Da schon bei der Mitose Dopple-

centriolen vorhanden waren, sind zwei Moglichkeiten

denkbar; entweder sind dieselben bei dieser heteropolaren

Teilung einfach verteilt worden, wobei der eine Pol (Basal-

korper) zur Bildung des Diplosoms sekundar eine zweite

Teilung erfahren musste
;
oder aber die doppelten Centriole

teilen sich gleichzeitig und bilden so direkt das Diplosom.

Das zuriiekgebliebene Doppelcentriol wiirde dann im

Buhestadium des Kernes infolge fester Aneinanderlagerung

scheinbar als einfaches Centriol erscheinen. Bei beiden

Moglichkeiten stimmt der Modus der Geisselenstehung prin-

zipiell mit dem von Cercomonas iiberein. Daneben kommt
aber noch eine sehr interessanter zweiter Modus vor, indetn

schon im Stadium der iEquatorialplatte die neuen Tochter-

geisseln von den Centriolen aus gebildet werden ” (pp. 81,

82).

The above description is of great interest and importance,

and shows very clearly the centrosomic origin of tli e blepharo-

plast in the Protozoa under discussion. I should like, how-

ever, to point out that it is an unfortunate confusion of

language for the authors repeatedly to talk of heteropolar

mitosis of the karyosome when what they both figure and

describe is the division of the centriole contained in the

karyosome. The word “ karyosome ” as used in protozoolo-
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gical literature means a structure composed of chromatin

embedded in an achromatic substance, and which usually

contains a centriole or centrosome. In general cytological

writing the term is applied to a condensation of chromatin as

distinguished from a true nucleolus. In neither sense are the

authors justified in saying that the process they describe is

really a heteropolar mitosis of the karyosome. The term
“ mitosis ” implies some kind of a partition of all the sub-

stance of the structure involved, and heteropolar mitosis of

the karyosome means that the plastin, chromatin, etc., have

undergone an unequal division.

Wliat these authors show in their excellent work on the

two species of Spongiomonas and on Cercomonas parva
described in the same paper is the splitting-off of a minute

centrosome-like granule which is bound permanently (as in

Cercomonas), or for a time (as in Spongiomonas), to the

karyosome by a slender thread. The centriolar nature of

these granules is abundantly demonstrated in the last sentence

of the paragraph quoted above. It is clear that this process

is essentially the same as that described in the collar-cells,

and brings the blepharoplast of these Protozoa into line with

those of the sponge-cells.

The main points raised in all this work are very clearly and

broadly put in a valuable article (3) by Hertwig, who comes to the

conclusion that the cytoplasm is a compound substance com-

posed (a) of a substance very closely akin and practically identi-

cal with the achromatic contents of the nucleus, and (b) of a

substance akin to chromatin, and from which this latter is built

up. Accordingto Hertwig’s idea, the chromatic and achromatic

substances are distinct and separated out from each other in

the nucleus, while in the cytoplasm the same two substances

are present in some sort of combination. The centrosome is

for Hertwig simply “ein individualisiertes Stiickchen achro-

matischer Kernsubstanz,” and adds that he is prepared to

admit that centrosomes may arise outside the nucleus from

the achromatic substance of the cytoplasm. These con-

ceptions of Hertwig’s are of course to be considered as a
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broad fundamental theory rather than as a complete explana-

tion of all the facts. They have, however, the great merit of

being formulated from physiological as well as morphological

observations, and therefore pay due regard to the processes

of cell-life. Yery probably the cytoplasmic substance must be

regarded as much more complex than is suggested in Hertwig’s

survey. It is interesting to note in this connection that the

work of Reichenow (4) has shown that the substance called

volutin, which arises in the cytoplasm, is a stage in the

building up of the nuclear chromation—or to put the matter

more precisely, the chromatin in the nucleus increases at

the expense of the volutin in the cytoplasm. The point in

this description of Hertwig's view that I wish to emphasise is

that it brings out very clearly the achromatic nature of the

centrosome. In a later part of the same article he goes on to

say that “ die Centrosomen und die Basalkorperchen von

Wimpern, Geisseln und Pseudopodien analoge Gebilde sind.”

The proposition embodied in the last sentence has received

additional proof and has been further extended by practically

all the recent work upon the subject.

Lister Institute,

May, 1911.
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EXPLANATION OF PLATE 19,

Illustrating Miss Muriel Robertson’s paper on “The Division

of the Collar-cells of the Calcarea Heterocoela.”

[The figures are drawn with the aid of the camera lucida at a uniform

magnification of 2000 linear. 1

]

Fig. 1.—Collar-cells of Grantia showing the flask shape. Note the

karyosome in the nucleus.

Fig. 2.—Collar-cells of Grantia showing the elongated chimney

shape.

Fig. 3.—Collar-cell with reticulate nucleus. It also shows the double

rhizoplast forming the connection between the blepharoplast and the

nucleus (Grantia).

Fig. 4.—Collar-cell of Sycon showing pale nucleus with deeply

staining karyosome.

Fig. 5.—Collar-cell of Grantia showing reticulate nucleus with

karyosome. Note the double rhizoplast.

Fig. 6.—Early spireme-stage (Grantia).

Fig. 7.—Stage very like that shown in fig. 6, but the spireme is in a

still earlier condition (Grantia).

Fig. 8.—Precocious division of the blepharoplast
;
the specimen is

fixed with Flemming’s solution (Grantia).

Fig. 9.—Early stage in division
;
the blepharoplast is newly divided,

and the spireme is just being formed at the expense of the karyosome.

The flagellum has been thrown off (Sycon).

Fig. 10.—Slightly later stage
;
the blepharoplast has divided but the

flagellum is still retained (Sycon).

Fig. 11.—Slightly aberrant stage
;
the blepharoplast - centrosomes

occupy either end of the spindle which is just forming, while the spireme-

stage has not yet been completed (Grantia).

Fig. 12.—Equatorial plate-stage with the chromosomes just splitting.

The first rudiment of the new flagellum is visible at one pole

(Grantia).

Figs. 13 and 14.—Equatorial plate-stages (Sycon).

Fig. 15.—Equatorial plate showing flagellum growing out from either

centrosome (Sycon).

1 I am indebted to Miss Mabel Rhodes for the care and skill with

which she has executed the figures.
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Fig. 16.—Equatorial plate showing remnant of collar (Grant ia ;

Flemming fixation).

Fig. 17.—Very early diaster-stage (Grantia).

Figs. 18 and 19.—Diaster-stages (Grantia and Sycon).

Figs. 20 and 21.—Division of cells. Note the junction between the

nuclei in course of reconstruction and the blepharoplasts (Grantia).

Figs. 22 and 23.—Newly divided cells. Note the condition of the

nucleus. Both the cells and the nuclei are below the normal size

(Sycon).

Figs. 24-27.—Stage of division stained with Twort’s stain. Note the

faint green colour of the blepharoplast-centrosomes (Grantia).

Fig. 28.—Vegetative stage stained with Twort's stain (Grantia).
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Observations on the Trypanosome of the Little

Owl (Athene noctua), with Remarks on the
other Protozoan Blood-parasites occurring in
this Bird .

1

By

E. 4. UiiMliin. M.A., F.R.S.,

and

If. yi. 4Voo<lco«*k, D.Sc.

With Plates 20 and 21.

The observations to be recorded in this and in a subsequent

paper are the result of a study of the protozoan blood-para-

sites of the little owl, which was undertaken by us at Rovigno,

,
Istria, the actual place where Schaudinn’s celebrated investi-

gation (16) on the same parasites was carried out. A
re-investigation of these parasites has long been considered

urgent, and stress has been laid by many people upon the

importance of the work being done at Rovigno itself. The

different views which have been taken with regard to the

correctness or otherwise of Schaudinn’s account are now well

known, aud it is scarcely necessary to recapitulate them here,

more especially since they have been recently discussed by

one of us in the first memoir of this series (18).

We were together at Rovigno for nearly three months,

from about the middle of January, 1909. Unfortunately, we
went much too early in the year. This was chiefly due to

the fact that one of us (E. A. M.) was obliged to be in

London from May onwards in order to deliver the University

course of lectures, which had been previously arranged for

1 “ Studies on Avian Hamioprotozoa,” No. II. For No. I see * Quart.

Journ. Micros. Sci.,’ vol. 55, p. 641.
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that period. The otlier of us (H. M. W.) stayed on at

Rovigno, continuing the work alone, until the beginning of

July, when, after a stay of six months, he was also obliged to

return on account of other work. There can be no doubt

that if our visit to Rovigno could have been arranged for the

six summer months, say from April to September, it would

have been much more successful than it was. Still, we are

able to bring forward certain definite observations, which

may contribute towards the settlement of this difficult and

much-debated question.

We take this opportunity of expressing our very grateful

acknowledgments and thanks to the various people through

whose courtesy and kindness we were enabled to undertake

and prosecute this research; we were especially indebted to

the late Dr. Hermes, the Director of the Zoological Station at

Rovigno, for placing laboratory accommodation at our dis-

posal, and to Dr. Krumbach, in charge of the Station, for his

great assistance in endeavouring to obtain the owls.

The Birds axd their Parasites.

At the outset we experienced a sad disillusionment in

connection with the supply of owls. Although little owls

were not scarce in the district, they were extremely difficult

to procure. In the course of a month, in spite of all our

efforts, we could only obtain five birds locally, which were

brought in mostly in a wounded or dying condition after

being shot. We tried several times to find haunts or nesting-

places of the owls, but without any success. These difficulties

in regard to the local birds did not affect us so much, however,

as we feared at first would be the case, because (somewhat to

our surprise), none of the above five birds showed signs of any

liaemoprotozoan infection at all after thorough examination.

After we had been at Rovigno a month we managed to obtain

some owls from Vienna which were infected; and thence-

forward we relied altogether upon dealers in Vienna and also

in Breslau for our supply of birds. The only other local owl
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examined, in fact, was a young fledgeling, brought into the

laboratory about the middle of June. This little bird, which

went by the name of “ Piepsch,” also had no parasites in its

blood; it, too, was most probably quite free, but it became

such a favourite that its sacrifice to science was not permitted.

From our experiences with Rovigno owls we consider it quite

likely that the birds in this neighbourhood were not infected

with the protozoan blood-parasites specific to them
;
on the

other hand, we never had more thau two consecutive birds

sent from Vienna or Breslau which were quite free from

parasites .

1

A great difficulty with which we had to contend was that

the climate of Rovigno did not suit the inland owls, confined

as they were in cages. As regularly as the periods occurred

when the moisture-laden Sirocco prevailed, equally regularly

did one or more of our precious owls die suddenly
;
and this

danger of losing all at once an important bird continued to

be a source of anxiety the whole time we were there. As a

matter of fact the investigation would probably have been

rendered much easier had we gone to Vienna to carry it out.

There could not have been the slightest objection to choosing

this district in preference to Rovigno, for in the course of our

stay we gathered from Giovanni, one of the sailors attached

to the laboratory, who was there in Scliaudinn’s time, that

most of the owls which Schaudinn himself used came from

Vienna.

Altogether we had eighteen owls sent from Vienna or

Breslau, the birds being* more readily obtained as the spring

advanced. The accompanying table has been drawn up to

show at a glance the number of birds infected, and the

different parasites present in each case. (Tryp. = Trypano-

soma, Halt. = Halteridium, Lz. = Leucocytozoon, and Prot.

= Proteosoma.)

1 Since our return home we have had a batch of four young owls sent

from Geneva, all of which have proved entirely negative. This may be

also an uninfected district.
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Owls. Parasites.

No. From Date. Tryp. Halt. Lz.
|

Prot.
1

1

6 Vienna Jan. 26
7 ,, Feb. 21 ? + — 4-

8 99 99 9 9 + + 4 +
9 99 99

— — — +
10 Breslau March 17 — — — —
11 99 99 99

— + + +
I

12 99 99 99
— — —

-

13 Vienna Apr. 16 + + + 4-
:

14 ,, 99 99 + + 4* ~
” i

15 99 „ 27 — — —
16 Breslau May 8 — — — —

. i

17 Vienna „ 23 — — + +
18 „ „ - - — 4 —
19 „ 29 4- + + 4
20 June 5 — + — i

21 99 „ — — — -
|22 yy „ 12 — — 4-

23 99 99 99 + 4- + +
!

1

Total, 18 5 (or 6 P) 7 10 8 1

1
;

Analysis and General Kemarks.

Twelve out of the eighteen birds were infected with one or

more parasites, the remaining six being, so far as could be

ascertained, quite negative. Of tAie different forms of parasite

the Leucocytozoon occurred most frequently, being present

in ten instances. Hence, more than 55 per cent, of the owls

we obtained were infected with this parasite—a high ratio.

Proteosoma was present in eight birds, i. e. in more than

a third. Halteridium occurred in seven owls, and trypano-

somes in either five or six. It will be noticed that no trypano-

somes were found in any of the birds from Breslau, but only

in those from the neighbourhood of Vienna.

With regard to the number of owls in which trypanosomes

were present, we think it quite possible that owl 7, marked in

the table with a query, may also have been infected, although

trypanosomes were not actually found. Halteridia were also

very scanty in owl 7. On the other hand, in owl 8 Halteridia,

as well as most of the other parasites, were plentiful, and on
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the death of this bird trypanosomes were readily found in its

bone-marrow. When owl 7 died a few weeks later its bone-

marrow was examined carefully, but no trypanosomes were

seen and other parasites were also very scarce ;
consequently,

only very few preparations were made from it since we
regarded it as negative in respect to trypanosomes, and we
had a number of good preparations from owl 8. The one

smear of bone-marrow made from owl 7 had, unfortunately,

very little on it, and was not much use
;
hence, and in view

of our experience with owl 19, presently to be described, we
cannot feel at all sure that trypanosomes were not present in

owl 7, perhaps scanty in number.

Owl 11 had a good infection with Leucocytozoon, and

Halteridium was also present; the latter form was exces-

sively rare, however, only a few flagellating gametocytes being

seen in the course of many living examinations, and the para-

sites beingextremely difficult to find in permanent preparations.

No trypanosomes were found in the bone-marrow of this

bird. On the other hand, in both owls 13 and 14, the next

birds obtained which had a good (or fairly good) infection

with Halteridium, and in which Leucocytozoon also

occurred, trypanosomes were found after death without much
difficulty, as in the case of owl 8. Owl 19 also had a good

infection with Hal t er idi um, and when this bird died later on

it was expected that trypanosomes would be found in it, as in

the others; but in spite of very careful searching of fresh

preparations for a period of two hours no indications whatever

of trypanosomes were seen
;
a colleague, Dr. Reichenow, who

was then working at Rovigno, also kindly examined a pre-

paration without finding anything. Hence it was thought that

in this case the Halteridium and the trypanosome of the owl

had been definitely separated from one another, and' that this

was a case of infection with the former parasite only. How-

ever, good preparations from the organs of this bird were made

for the sake of the Halteridium and Leucocytozoon, and

in the systematic search of these undertaken since returning

home, three small trypanosomes have been found in four
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smears of the bone-marrow ! The parasites were evidently

extremely scanty; one of us, notwithstanding a fair amount

of experience with Avian Trypanosomes, has never had

another bird, in which these parasites were so rare in the bone-

marrow.

The incident of owl 19 emphasises the point that it is very

difficult to be certain, from a living examination alone, that

trypanosomes are absent from the bone-marrow. Small

forms especially may be quite hidden by clumps of cells.

The spreading out of a thin smear for a permanent prepara-

tion helps to set free and disclose the parasites.

The constant association 6f trypanosomes with one or more

of the intra-cellular parasites, especially the Halteridium
and Le ucocy toz oon, is very striking. In no case did we find

trypanosomes in an owl which had not these two other forms

also. Nevertheless, suggestive as this fact may be, we have

been unable to obtain any evidence which would point to

anything being concerned beyond coincident occurrence of

these different types of parasite. Moreover, taking the other

forms first, the coincidence is somewhat less marked. Thus,

while five (possibly six) of the seven birds infected with Hal-
teridium also had trypanosomes, in one certainly (No. 11)

trypanosomes were not present; it is true that here the

Halteridia were excessively scanty. Again, with regard to

Leucocy tozoon, this intra-cellular parasite occurred in

five birds in which no trypanosomes could be found. In

the case of three of these, Nos. 11, 17, and 22, in which the

Leucocy tozoon was either fairly frequent or else plentiful,

good smears from the bone-marrow and also from the other

organs (in the case of No. 22) have been well searched with

negative result.

As will be gathered from the table, Proteosoma occurred

indiscriminately, either alone or together wdth one or more

of the other parasites; while in owl 14, which had the other

three forms, Proteosoma was absent. An interesting point

of difference may be mentioned between Proteosoma on the

one hand and Halteridium and Leucocy tozoon on the
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other, the possible significance of which will be discussed

further. In the early owls Proteosoma occurschiefly in the

form of schizonts; up to No. 11 inclusive, scarcely any

gametocytes were found. In the later owls, on the other

hand, the parasites were mostly in the gametocyte phase,

schizonts being absent or rare. Halter id ium and Leuco -

cytozoon, on the contrary, occurred in the g-ametocyte

phase in the earliest owls in which they were found—Nos. 7

and 8 ;
many individuals were apparently ripe, since they

“ flagellated,” or became rounded and free, according as they

were of male or female sex, in the fresh coverslip prepara-

tions. Indeed, so far as these two intra-cellular parasites are

concerned, we may take this opportunity of saying that, as

regards endogenous multiplication or schizogony, we have

been quite unable up to the present to obtain any evidence of

such a process, and this in spite of much searching, since

our return home, of what we considered very promising

material.

Owl 23, for instance, had the strongest Halteridial infection

that either of us has ever observed
;
nearly every red blood-

corpuscle was infected with three or four—sometimes more

—

of these parasites, the majority of them being small forms.

Whence this host of parasites originated remains a mystery;

neither smears nor sections of lung and spleen have as yet

shown anything different from the condition found in the

general circulation. And the same result lias attended the

searching of preparations of the organs of earlier birds,

where the Halteridia were not so abundant in the blood: The
point remains for future investigation.

Habitat.

Turning our attention now more particularly to the try-

panosomes, it may be remarked in the first place that, so far as

our observations have gone, the trypanosome of the little owl

shows a general correspondence with that occurring in the

chaffinch and redpoll, described in the first memoir. This is
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the case both as regards the habitat of the trypanosomes and

tlieir behaviour in the bird at different seasons,, and also in

regard to the chief morphological types found.

In the winter and spring months the bone-marrow is the

chief seat of the parasites ; indeed, for all that we could learn

to the contrary, they may be restricted to this situation. The

blood of owls 8, 13 and 14 was examined living on many
occasions, both in the day-time and at night, and numerous

stained preparations of the peripheral blood and the internal

organs (lungs, spleen, etc.) have been searched, without in

any case coming upon a trypanosome.

Nevertheless, from the experiences of one of us in reference

to this point, in working on other birds, we should not like

to say certainly that the parasites do not occur at all in the

general circulation at this period. 1 Most unfortunately the

indispensable test, that, namely, of taking cultures from the

blood, was quite a failure in its application in this case.

Several culture-tubes were inoculated from the peripheral

blood of the above owls, which remained uncontaminated, or

practically so, by bacteria, but they were also sterile as

regards trypanosomes. The disappointment was, however,

that in tubes inoculated from the bone-marrow of these birds,

in which trypanosomes were kuown to be present, no cultural

forms developed. In no instance, in fact, did we succeed in

obtaining a culture of the owl-trypanosomes, a very different

result from the usual experiences with the culture-method.

-A s Rosenbuscli
( 15 )

has obtained cultures of the parasites

—

i.e., as will be shown later, of the trypanosomes—of the

little owl, we can only surmise that the fault in our case lay

with the tubes used.2

1 Mayer, however, has noted (12) the occurrence of the parasites (in

the large, massive form, c.f. below) in the general circulation in the

early part of the year (January) in the case of the trypanosome of

Syrnium aluco.

-We had no facilities for making culture-tubes at Rovigno, and had

to rely upon some taken with us
;
many of them were rather old by the

time they were required
;

others had to be boiled up and fresh salt-
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On the other hand, in the summer, for instance in owl

23, the trypanosomes certainly occurred in the general circu-

lation. They were seen for the first time in blood taken from

the living bird on June 15th—16th, in the night-time, after

being five months at Rovigno ! This fact is mentioned just by

way of illustrating the difficulties attending the path of the

would-be researcher on these Avian parasites. The trypano-

somes were found also in subsequent examination of the

bird; and in permanent preparations made they are not in-

frequent, averaging four to six on a good-sized film. Even
at this time, however, the parasites are somewhat more

numerous in the bone-marrow, as we have learnt from our

preparations made after the death of this bird (which took

place on June 29tli), while they appear to be extremely

scanty in the smears made from the internal organs (lung,

spleen, etc.).

Living Observations on the Parasites.

With a view of ascertaining whether we could find anything

which pointed to the actual passage or transformation of the

trypanosomes into Halteridia or Leucocytozoa, or vice-versa,

careful living observations were made on several occasions,

usually in the night-time.

a. Trypanosomes.—The following notes were made at

the time of the examination of the bone-marrow of owl 8

after its death (February 26th, 1909), in which, of all our

infected birds, trypanosomes were most numerous to this

situation. The parasites observed were of three distinct

kinds
: (1) Slender, active forms, of medium size, with a finely

drawn-out aflagellar extremity. In two instances such forms

were seen attached by this end to a cell of leucocytic

character; the trypanosomes were lashing about in every

citrate added. Our tubes were, therefore, not very satisfactory
; but

we were not prepared for the entire failure of the trypanosomes to

appear in them, considering the readiness of these Avian parasites, as

a rule, to develop in cultures.
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direction, apparently unable to free themselves, and were

dragging the cell here and there. (2) Large, stout, sluggish

forms, with a very long, tapering atlagellar end, and a much
pleated undulating membrane

;
the free flagellum was short.

These individuals travelled very slowly, scarcely moving from

one place
;
they often seemed to get wedged in among clumps

of cells. The membrane, however, was in a continual state

of rippling, and an interesting point was noticed in connec-

tion with this, namely the reversal of the movement. The

Avaves ran usually from the region of the kinetonucleus

toAvards the flagellum, and the movement in this sense Avas

continued for the longer period
;

but it was frequently seen

to change, Avlien the Avaves ran from the flagellar end toAvards

the kinetonucleus, for a short time. All of a sudden, and at

irregular intervals, the movement would change again and be

once more in the original direction. (3) The third type of

parasite seen Avas quite a small form, not much longer than

a blood-corpuscle
;
these individuals were somewhat stumpy

in appearance, Avitli the aflagellar end abruptly pointed.

These forms Avere not noticed at first; they were probably over-

looked through being hidden by or among clumps of cells, out

of which they managed later to worm their Avay. They had

a Avriggling movement, but did not seem to travel much. These

small trypanosomes appeared to have a predilection for

attaching themselves by the tip of the flagellum to the

surface of the glass, either to the slide or the cover-slip.

On exaininiug a preparation the following morning (some

ten hours later), one of the small forms Avas observed slowly

Avrithing about, quite free from any corpuscles, but with the

tip of its flagellum firmly attached to the slide by a distinct

dot or granule. The trypanosome, by its movements, pushed

and pulled its body from a,nd to the spot where it was attached,

without, however, becoming free. The membrane undulated

slowly
;

its flagellar border appeared distinctly to be Avound

spirally round the body of the parasite. The body itself

seemed somewhat stiff, and only changed its curves slightly

and slowly. Another trypanosome, probably belonging
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to the first type mentioned, was also noticed at this time;

it was recognised by its movement, but as it was more or

less surrounded by a clump of corpuscles, its characters, with

the exception of its approximate size, could not be made out.

Looked at again later (about noon) the small trypanosome was

found to have detached itself, and was wriggling feebly,

loose, and waving its flagellum about slowly; it appeared

moribund. At 2 p.m. it was nearly dead, only the tip of its

flagellum now moving* feebly.

The same three types of individual were also found in the

bone-marrow of later owls (Nos. 13 and 14) ; and here

again, in the latter bird, certain trypanosomes were seen to be

distinctly attached. A medium-sized, slender form (belong-

ing to the first category) was attached to a corpuscle by its

flagellum, by means of which it was waving the corpuscle

about vigorously. Further, a small trypanosome (type 3)

was seen unmistakeably attached by itsflagellum toaleucocytic

cell; and another small individual also appeared attached,

but this could not be ascertained with certainty owing to the

parasite being partially hidden. These observations were

also made in the evening, about 8 p.m.; aud the above two

individuals were watched at intervals until midnight without

any change being noticed. Next morning the slender form

could not be found again; while the small individual was

quite motionless and seemed to be dead.

From the above notes the following definite and rather

interesting points may be emphasised. The slender, medium-

sized parasites, and also the small, stumpy forms, may be

found attached to a cell, either by the flagellum or by the

aflagellar end. On the other hand, no individual belonging

to the large, sluggish type (of the second category) was ever

observed attached.

In owl 23 quite a different state of affairs was met with

from that obtaining in the earlier owls. The trypanosomes

in this bird were in what we propose to refer to as the
“ summer condition ”—both as regards the habitat of the

parasites and the type of form found. This condition is to be
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recognised, we think, as constituting a perfectly definite

phase in the life-history of these Avian trypanosomes. As
above mentioned, the parasites were observed living in the

peripheral blood on two occasions, in the night-time
;
only

very few trypauosomes were noticed altogether in several

cover-slip preparations. They belonged to one type, and
were fairly small and stumpy, spindle-like or rather broad

;
as

will be seen later, these forms are not quite comparable to

those of the third category above described. All the trypano-

somes observed living in this owl, whether in the blood or

(later) in the bone-marrow, were free
;

none showed any

inclination to become attached to any cell.

To sum up : In spite of many and long-continued observa-

tions we never succeeded in seeing any form of the trypano-

some of the little owl either penetrate into, or become

completely attached to a cell, and lose concurrently its

locomotor organs ;
and this notwithstanding1 that both

Halteridia and Leucocytozoa were present in all cases in the

same birds. The only manner in which we observed the

trypanosomes to be associated with cell-elements was that of

their attachment by one extremity— which might be, appa-

rently, either end indifferently; and we never saw this

attachment develop into any closer connection (cf. however,

below, p. 165).

B. Leucocy tozoon.—We do not intend in this paper to

discuss the minute structure of these parasites, but only to

note certain features observed, and more especially those

bearing upon the question of the actual connection of these

intra-cellular parasites with the trypanosomes. Owl 11 had

a good infection of Leucocytozoon and was the most

suitable of the earlier birds for studying this form. The

parasites were all in the gametocyte-phase, most of them

being nearly full-grown in size. In nearly all the host-cell

had acquired the characteristic spindle-like appearance, with

the cytoplasm drawn out in two long, tapering processes.

The degree of plumpness of the parasites varied slightly

;

some were more slender, others rather stouter ;
but apart from
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this, there was strikingly little difference to be noticed among
the numerous parasites observed. We certainly never saw

anything resembling the curious appearances and behaviour

of the parasites described by Dutton, Todd and Tobey (3) in

another species of Leucocytozoon; and in this respect our

observations concur with those of Wenyon (17).

Many individuals were watched very carefully for signs of

movement, but in no instance did we see any active move-

ment or change of form, either of the ovoid, more internal

(endoplasmic) part of the parasite or of the tapering extremi-

ties of the spindle. The latter, probably consisting at any

rate in the narrower portions only of the cytoplasm of the

host-cell, were sometimes seen to bend slightly to and fro,

quite passively, this motion being caused, doubtless, by little

currents in the blood-plasma in the immediate neighbour-

hood. We never observed any amoeboid movement or any-

thing comparable to the waves of constriction described by

Wenyon in the case of L. neavei

;

neither did Mathis and

Leger (8 and 10) in their form from the fowl. Of course, in

referring to this absence of movement in the parasites, we
are not taking into account the preliminary efforts of ripe

gametocytes either to rupture the host-cell or to form micro-

gametes. It is possible that the observations made by

Wenyon may refer to such ripe gametocytes which were

endeavouring to free themselves from the leucocytes
;
though

it is true we always found this process to occur very rapidly

in L. ziemanni. The reason why we have laid stress on

the entire absence of active movement in the ordinary spindle-

shaped individuals—which was always the case in every bird

in which we studied them—is to emphasise the fact that we
never saw any indication whatever of the development of

locomotor organellas, or of any active trypan i form phase.

Further, we have never once found, either in living prepara-

tions or in the permanent smears, any young or intermediate-

sized individuals or forms other than the ripe gametocytes,

free in the blood-plasma, however numerous the parasites

were

.
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An interesting feature wliich may be pointed out was the

variation we noticed, both in the number of gametocytes

present in the drops of blood examined and in the apparent

ripeness at different times. Mathis and Leger (9) have

remarked on the occurrence of what they describe as a

periodicity of the gametocytes in the circulating blood, which

they noticed on two occasions in Leucocytozoon caul-

leryi, of fowls in Tonkin. The parasites would be observed

for a certain number of days (four to seven) in varying

frequency, and then would apparently disappear from the

blood and not be seen again, often for some weeks. In the

cases instanced there appeared to be no regularity either

about the length of time during which the parasites were not

observed, or about the period, usually a few days, when they

were present.

We never observed in any of our owls infected with

Leucocytozoon a complete disappearance of this parasite

from the blood. The following notes illustrate the variation

to which we have just alluded in owl No. 11.

March 18th, morning after arrival: Leucocytozoon
present

;
parasites frequent.

March 19th-20th, midnight : Parasites distinctly more

numerous, approaching abundance. Many rounded-off forms

(i.e.ripe females, which had ruptured the host-cell) seen.

Probably ripe male individuals were also present, though no

flagellating forms were actually seen.

March 23rd, morning: At first no signs of Leucocyto-
zoon, but after some searching the parasites were found.

They were infrequent to scanty, only five or six individuals,

one of which was rounded-off, being noticed in four cover-

slip preparations.

March 23rd-24th, midnight : Parasites numerous. In a

cover-slip preparation of pure blood only spindle-shaped,

intra-cellular forms were seen; but in a preparation to which

a drop of salt-citrate solution had been added, many

liberated females and some flagellating male gametocytes

were found.
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March 27 tli-2 8th, midnight : Leucocytozoon not at all

frequent, rather scanty in fact, requiring considerable search-

ing. Parasites distinctly in batches. In one drop none were

seen after much searching, while in another four or five

intra-cellular forms were come across one after another

fairly quickly. In a drop diluted with salt-citrate solution

two ripe females and also two flagellating males were

found.

March 30th, morning : Leu cocy tozoon numerous. Many
rounded-off females observed, but only one flagellating

male.

April 3rd, afternoon: Owl 11 died. Leucocy tozoon
numerous, both in blood and internal organs. No rounded-

off or flagellating individuals were observed, however, whether

in preparations to which salt-citrate had been added or in

those to which it had not been.

In several ot‘ our other owls in which Leucocy to zoon

was present (e.g. Nos. 14, 17 and 19), the parasites were

infrequent or scarce whenever the birds were examined (this

being the case even in the internal organs after death), and

consequently no such variation in number was observed. In

owl 22, however, which had a very good infection with Leu-
cocy to zoon, the above phenomenon was again noticed.

June 13tli, morning after arrival : Leucocytozoon
numerous

;
many flagellating as well as rounded-off individuals

seen.

June 21st—22nd, midnight : Parasites not nearly so

numerous, only fairly frequent, and no flagellating or

rounded-off individuals were observed.

June 22nd, afternoon : Owl 22 died. Both in the heart-

blood and in the bone-marrow Leucocytozoon was fairly

numerous, distinctly more frequent than in the peripheral

blood the night before, but again no ripe forms were seen

—

either rounded-off or flagellating.

Of our birds infected with Leucocy tozoon, the one which

we had under observation for the longest period was No. 14,

which was first examined on April 20th and lived till May
VOL. 57, PART 2. NEW SERIES. 13
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20th—just a month. Leucocytozoon was very scarce in

this bird. It was not found in the living examination on

April 20th
;
but on April 23rd a single individual was noticed

in two cover-slip preparations. Examined again on May 9th

(morning) and also on May 12th-13th (midnight) no Leuco-

cytozoa could be seen in the living drops. But a very

few individuals have since been found on searching permanent

smears made on these occasions. Hence the parasites were

present in the general circulation, though so scanty that their

presence could not be demonstrated in the routine examina-

tion of several living drops on both occasions. Further, in

the smears made from the heart-blood of the dead'bird on

May 20th Leucocytozoon is also present, though very

scanty.

From the above observations we think, therefore, it is

practically certain that in none of our owls infected with

Leucocytozoon was this parasite at any time really absent

from the general circulation.

The variation in number and ripeness of the gametocytes,

and their occurrence at times in distinct batches, is most

probably the result of some antecedent process of schizogony,

by which the sexual forms have originated. A schizogonic

mode of multiplication has been briefly described by Fantham

(
4

)
in L. lovati of the grouse; and a similar phase occurs

in all likelihood in other Leucoc3’tozoa. At a particular

moment, we may suppose, a number of young (potential)

gametocytes are liberated by the breakdown of the host-cell

in some internal organ in which they have been developed.

They penetrate, probably as soon as possible, into the new
leucocytic host-cells in which they will grow and mature, and

so pass into the blood-current, in which they are passively

borne along. As it is quite probable that different host-cells

(or groups of host-cells) containing the products of schizogony

become ruptured at different times, we should have, in that

case, clumps or batches of gametocytes of slightly different

age and ripeness in different small quantities or volumes of

blood.
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The only other explanation of our observations—on owl 11,

for instance—would be that the great majority of the

numerous gametocytes observed on March 19th-20th had

died off by the 23rd, and that those seen again on March

23rd-24th were an entirely fresh lot, which had been very

rapidly developed as the result of a quite recent schizogouy.

In the first place it is most unlikely that the gametocytes

would die off in such numbers as soon as, or even before, they

were quite ripe, especially at the beginning of the season

—

such a course would be very expensive and most unusual for

a parasite. Secondly, if schizogony had been going on

recently to produce the numerous forms seen in the blood

March 23rd-24th, and again, subsequently, to give rise

to those present on March 30th, we should certainly have

expected a proportion of these forms to be small to inter-

mediate in size, which is not the case
;
and, moreover, we

ought undoubtedly to have found some indications of the

actual schizogonic process in our permanent preparations of

the internal organs made on April 3rd, when the bird died.

As a matter of fact in all our infected owls the schizogonic

process seemed to be over and done with
;
altogether we have

only come across extremely few really small (young) gameto-

cytes. Hence, the first explanation we have offered appears

by far the most reasonable.

It is interesting now to compare with our experiences those

of Mathis and Leger in the case of the species parasitic in

Tonkin fowls already alluded to. It is important to note

that the periodicity described (occurrence for some days,

alternating with apparently complete disappearance for a

period of two or three weeks or more) was observed only in

L. caulleryi; in L. sabrazesi from the same bird, which

was made a distinct species on account of the gametocytes

always having the spindle-like shape, this disappearance was

not found. In a previous memoir
(
18

)
it has been remarked

by one of us that those two species are most probably

only different phases of one and the same parasite. The
L. sabrazesi phase probably corresponds in a general way
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to the condition in which we found L. ziemanni in some of

our owls. The L. caulleryi phase, on the other hand,

appears to represent an older condition of the parasites

—

probably a much older infection—in which the gametocytes

are quite mature, it may be, over-ripe. In such a case one

may suppose that many of those which do not succeed in

passing into the alternate host at length die off. It is not

unlikely, we suggest tentatively, that others are able to

undergo some parthenogenetic development and give rise later

to a fresh succession of gametocytes in the blood. In this

manner the reappearance of the parasites after an interval

could be readily explained.

We may conclude our remarks on Leucocytozoon
ziemanni by giving extracts from our notes relating to one

or two interesting observations on the gametes, which we
were fortunate enough to find in living preparations. The

male gametes were first detected by the movements of the

corpuscles which they caused. They appeared as very

slender, spirocliaete-like bodies, exceedingly active, perform-

ing twisting movements and travelling at a fair pace; they

were rather longer than a red corpuscle and capable- of

jerking the corpuscles about. Three or four of these

delicate elements were seen in an area rather larger

than a field of the microscope. In another field an active

male gamete was found and also a rounded-off female

individual
;
the latter was quite spherical and had ruptured

its host-cell, the remains of which, together with the nucleus,

were still attached to one side of the parasite. The male

gamete was at first some little distance from the female

element ; it travelled fairly fast, and in keeping it in view

the female individual was sometimes quite out of the field (of

the oil-immersion lens), and then would be brought in again,

i.e. the microgamete was sometimes nearer to, at other times

farther from, the female. Once the male was seen to travel

in a straight line rapidly towards the female till it nearly

reached it; but then it turned off to one side again. After

moving about a little longer, however, the microgamete at
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length approached the female gamete, and after some gyra-

tions, which caused the latter to be jerked about as well as

the corpuscles in the vicinity, it was seen to be definitely

attached to the female by one extremity. The male element

continued to lash its body and jerk the female about, but

after a time these movements became feebler and the male

seemed to be contracting. At this moment the female was

suddenly violently jerked, and after that no further move-

ments were seen on the part of the parasite. The female

individual was now examined very carefully but no signs of

any little body attached to it could be made out; the male

gamete seemed to have been absorbed. At this period no

definite nucleus could be distinguished in the female
; one part

of the body was clearer and free from pronounced granules,

but no sharply contoured nucleus could be made out. After

watching the parasite for some time it was noticed that a red

corpuscle, flowing slowly past it, was deflected slightly from

its course, and it was seen that there was then a small body

attached to the parasite at this point
;
this little body was

spherical, of a definite contour, and contained a few granules
;

it appeared like a minute cell or nucleus. Shortly after this

minute body had been found and when our attention was

again turned on the parasite proper, it was observed that its

nucleus was now quite distinct. It could be seen as a slightly

oval clear space, with sharp and definite contour, and had

near one end a dull spot, quite different in appearance from

the much darker grains in the cytoplasm. The diameter of

the nucleus was about double that of the little body attached

to the female gamete. The parasite was watched for some

time longer, but the only change observed was that the

attached body seemed to become rather contracted and

shrivelled, as if degenerating. No indications of any other

change or development in the parasite itself could be noticed.

When seen again in the morning (of the same day) the

Leucocy tozoon had become hyaline in appearance and

seemed to be dead ;
there was no sign of the little attached

body.
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This was the only occasion on which we were able to see

the fertilisation of a female gamete of Leucocy tozoon, but

several times we observed the male gametocyte in' the act of

flagellating, i.e. of developing the microgametes. This

process occurred more readily in coverslip preparations to

which a drop of salt-citrate solution had been added than

in those put up of pure blood alone. When the micro-

garnetocyte ruptured its host-cell its body protoplasm was

usually more or less segmented or divided up into two or

three lobes or portions from which the male elements were

given off, just as was described and figured by Schaudinn

(loc. cit.). The number of microgametes formed appears

to be variable. Schaudinn gives the number as eight
;
on

the other hand, Laveran (7) figures four as arising, also in

this species of Le ucocy tozoon {“ Haemamoeba ” zie-

manni). In one case we saw three quite distinctly, and

there may have been a fourth, but we could not be certain
;

in another instance, where the body of the parasite (freed

from the host-cell) had been constricted into two masses,

only one male element was seen to be formed. It is not

improbable that in the citrated drop some gametocytes

may be stimulated into attempting to develop microgametes

before they are really quite mature enough to do so in a

completely normal manner. Thus in the last instance given,

the solitary microgamete, at first flagellum-like and active,

appeared unable to liberate itself from the protoplasmic mass,

and after five or six minutes its wrigglings became less active

and more spasmodic, and finally it became much contracted

and pear-shaped and ceased to move. In other cases, again,

the microgametocy te did not succeed in rupturing the

enclosing envelope of the host-cell, and the microgametes

were developed inside the skin or capsule, as it were, of the

leucocyte, from which they were unable to get free. In one

instance several male elements (there may have been as many
as eight) were seen thus imprisoned

;
they were in two

bunches, directed towards the spindle-like ends of the host-

cell, and were lashing themselves about vigorously in the
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endeavour to become free. This movement went on for-

about three quarters of an hour, but with no success.

The free microgametes themselves were, as already men-

tioned, very slender thread-like bodies
;
they were, it any-

thing, rather longer than those of Halteridium. The
gametes, living, were observed very closely, but no signs of

any undulating membrane could be made out; nor could any

more active, whip-like part of the body, corresponding to a

free flagellum, be distinguished. Unfortunately, we have

not been able to find any microgametes in our permanent

preparations; Wenyon, however, has figured (17 )
the male

elements of L. neavei, from a stained preparation, and these

also appear simply as threads. It is most likely, we think,

that the minute structure of the microgametes of Leucocy-
tozoon is very similar to that of the corresponding elements in

Halteridium
;
in the latter parasite, the male gamete, as has

been described by one of us (loc. cit.), consists of a delicate

cytoplasmic thread, containing two or three chromatic masses

of varying size and having a distinct centrosomic granule at

one extremity (cf. also below).

c. Halteridium.—Three of our owls had a good Halteri-

dlal infection, Nos. 13, 19, and 23; the parasites were

plentiful in the first, abundant in No. 19, and simply swarm-

ing in No. 23. It may be remarked here that the terms

“ numerous,” “abundant,” and so on, as we have used them,

do not mean the same thing, as regards the actual number of

the parasites present in the case of Halteridium and

Leucocy tozoon respectively; this will be understood

when the different habitat of the two forms and the relative

proportion of red blood-cells to small mononuclear leucocytes

is borne in mind. For instance, we may consider Leuco-

cytozoon to be numerous when two or three individuals on

an average can be seen in a single field of a fresh cover-slip

preparation, working with a dry lens (obj. D or 4 mm. apochro-

matic); but we should not regard Halteridium as abundant

in an infected bird unless on an average at least one or two

individuals occurred in a single field of a stained smear,
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using an oil-immersion lens. Such an infection was present

in owl 19. And in owl 23 nearly every red blood-corpuscle

is infected; very few uninfected red cells can be found in

the permanent preparations ; there are nearly always two or

three parasites in a single host-cell, and frequently their

number is four to six, when they are mostly small or quite

minute forms.

No pronounced variation in the number of the Halteridial

parasites present on different occasions of examination was

observed, contrary to what was so markedly the case in

Leucocy tozoon. It was observed several times, however,

that there was distinct, often considerable variation in the

number of individuals which were ripe enough to flagellate or

become rounded off. Thus, at some examinations, by the

time a drop of pure blood could be mounted and put under

the microscope numerous male gametocytes would be seen

actively liberating free microgametes, rounded-off female

forms also of course being present
;
at other times scarcely

any such, or none at all, would be found. Another noticeable

point of difference from Leu cocy tozoon was that not only

adult or nearly adult individuals, but also young or small

forms and forms of intermediate size, were nearly always

present at the same time in the blood. 1

On the whole, comparing the results of our observations

on Halteridium and Leucocy tozoon, we think the

following conclusions are suggested. The schizogonic process

in the former parasite must be on a considerably larger scale

than it is in the latter, even if we suppose that there is a

stronger original infection. 2 Further, it is probable that the

schizogony in Halteridium may be of longer duration, i. e.

that it may continue to go on for a longer period than is the

case in the Leu cocy tozoon

;

this seems to us to be indi-

1 This agrees with the condition which was found in the case of

H . f r in g i 1 1 se
,
in the cl affinch

.

2 If schizogony in the parasite of the little owl is similar to the

process described by Aragao (1) in the Halteridium of the pigeon,

it is indeed on a lavish scale.
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cated by the fact that in our early owls as well as in our

later ones quite small forms, which cannot have been long set

free from the parent schizont, occur as well as others of

medium size in the red blood-cells; also because the later the

bird, the greater the number, as a rule, of Halteridia present

(owls 8, 13, 19 and 23 form a regular series in this respect).

In the birds in which Halter idium was fairly numerous

or abundant (Nos. 13, 19 and 23) parasites were seen in the

living cover-slip preparations which were quite free from a

blood-corpuscle, although they were not rounded-off or

flagellating individuals. Only a few of these free Halteridia

were noticed in owl 13, they were less scanty in No. 19,

while in No. 23 they were quite common. In the last case

these free forms varied considerably in size, from small

individuals up to forms of intermediate size or larg’er. These

free forms appeared, so far as could be seeu, perfectly

similar to those in the corpuscles. It is important to note

that they were quite motionless and were not observed to

undergo any change. Particular individuals, fairly large

ones, were watched for two or three hours at intervals, and

at the end of that period had not altered at all. Not the

least indication was seen of the development of any of these

free Halteridia into a trypaniform condition. In the living

blood from owl 23, examined at night, one or two trypano-

somes were found; these were distinctly larger than the free

Halteridia. In spite of much searching, no parasites were

seen to become actually liberated from the corpuscles. It is

certain, however, that most, if not all, of these free indi-

viduals had been parasitic in a red cell, for the great majority

contain pigment-grains.

The same state of affairs observed in the living preparations

from these three owls is found in the permanent smears

made from them respectively. Here and there in the pre-

parations from owl 23, where, as already mentioned, several

parasites often occur in a single corpuscle, three or four free

individuals are found grouped around or else close to the

isolated nucleus of a red cell
;

in such cases one may assume
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that the cell has been disorganised artificially in making the

film. Most of the free forms are more or less uniformly

dispersed, however, and have no broken-down remains of a

red cell in their vicinity. This fact, and, of course, the

occurrence of these forms in the fresh preparations, makes it

certain that their liberation is not due merely to manipulation

of the blood. These free forms are undoubtedly present in

the blood in the bird, scanty or numerous as the case may
be. We are left somewhat uncertain, however, whether the

process of liberation is an active or passive one on the part of

the parasites, i e. whether the Halteridia leave the red

blood-cells of their own accord, by breaking out or away

from them, or whether they are simply set free by the

rupture of a used-up corpuscle, which has probably contained

several parasites. Scliaudinn maintained, of course, that the

intra-cellular Halteridia regularly become active and trypani-

form, and voluntarily leave the corpuscles. We should have

seen this process in owls 19 and 23 if it occurs. On the

whole, we are much more inclined to think the hitter explana-

tion we have suggested is the true one. In this connection it

is important and interesting to note that there is markedly

little or no hypertrophy and enlargement of the red blood-

corpuscles by the Halteridia, even when there are several

individuals in one host-cell; this contrasts strikingly with the

great enlargement and stretching which the red cells may
undergo when infected with Haemogregarines or Haemo-
cystidiura, for example. Hence it seems to us most likely

that in an abundant infection, when there are three or more

Halteridia in a corpuscle, their growth and increase in size

renders it only a question of time before the corpuscle is

ruptured, thus passively liberating the enclosed parasites.

We should say it is very doubtful whether such free forms

become again intra-cellular.

Mayer, in his account of the parasites of another owl,

Sy rn iu m al uco, also admits that he sought in vain for active

trypaniform phases (trypanosome-forms) of the Halteridium.

Before leaving this question we should like to put forward
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a suggestion, which is, however, nothing more than a

suggestion. We think it is not at all impossible that there

may be some intra-cellular phase of trypanosome, perhaps even

occurring in a red blood-corpuscle, still to be definitely

ascertained. As was discussed in the preceding memoir with

reference to the recent work of Chagas (2) and Hartmann

(
5 ), it is reasonable to suppose that a schizogonous process of

multiplication occurs in the life-history of these Avian trypano-

somes, by which the small forms are developed from large,

massive individuals. And it is quite possible that the

immediate products of schizogony, which may be assumed to

be small elements, pass for a time into the red cells before being

liberated as small, active trypanosomes; such intra-cellular

phases would most likely be found, we think, to be quite

independent of the Halteridia, and might not possess pigment.

In the scheme drawn up on p. 176, showing the relation between
the different phases of the trypanosome, as found in the owl,

we have indicated the position which this hypothetical intra-

cellular form would occupy.

In this connection reference may perhaps be made to a

remarkable passage in Zupitza’s account of Avian trypano-

somes
(
19 ). Zupitza states that in blood taken from a

wounded “ Haarvogel” (“ Bulbul ”), in which both trypano-

somes and Halteridia were present, he observed two or three

red blood-corpuscles which were undergoing a strange

spontaneous movement, turning over now in one direction,

now in another. Further wave-like swellings of the mem-
brane or envelope of the corpuscle were noticed. According

to Zupitza careful examination of these phenomena showed

that they were due to a small, slender trypanosome inside the

corpuscle, which coursed rapidly through the cytoplasm,

around the nucleus, first in one sense and then in the opposite

one. Apparently the trypanosome was trying to bore a way
out through the envelope of the cell, but'so long as Zupitza

was able to watch it it was unsuccessful. We shall have to

criticise Zupitza’s paper in many respects, but we feel quite

unable to offer any comment upon this wonderful description
;
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all we can do is to direct attention to it. Unfortunately, in

tlie course of very numerous observations on birds infected

with trypanosomes, neither of us has ever seen anything in

the least corresponding.

Morphology of the Trypanosomes as seen in the Permanent

Preparations.

All our permanent preparations are in the form of smears.

Both the two chief methods of preparing films were employed,

namely
: (1) fixation by osmic acid vapour, followed by abso-

lute alcohol, and then staining by Giemsa; and (2) wet fixa-

tion of smears made on cover-slips, either by sublimate-acetic

mixture or by Schaudinn’s fluid, and then staining by iron-

haematoxylin. The details of our use of both these methods

have already been described (see Minchin [ 13 ]
and Minchin

and Woodcock [14]), so they need not be repeated here. The

drawings are all magnified 2000 times, so that a particular

individual can be at once compared with any other.

The type or types of form presented by the parasites varied

in different birds. In the early owls infected with trypano-

somes (Nos. 8 and 18), three readily distinguishable types

occurred, as has been indicated above in our account of the

observations made on the living, active parasites. These

three types maybe distinguished as small, medium, and large

respectively. While each type has sharply defined charac-

teristics, and at the first glance might be regarded as

representing a parasite quite distinct from both the others,

nevertheless, as will be seen below, forms occur which are

transitional in character from one type to the other, and

there can be no doubt, we think, that all three are only

different phases of one and the same trypanosome.

The small type of individual (figs. 1, 2, 14, 32-35) is spindle-

like or fusiform in shape. The aflagellar extremity of the

body is abrupt and conical, the kinetonucleus being situated

close to the end. The undulating membrane is relatively

quite well developed, and the free flagellum is fairly long



OX THE TEYPANOSOME OF THE LITTLE OWL. 167

Using the standards of measurement previously adopted

(loc. c it.), the total length of these forms, as they appear on

smears made by the first (Romanowsky) method (figs. 1-3,

14), is from 26 to 28 /u, and the greatest width 3 to 4 n, while

the length of the free flagellum is usually about 8 to 9J /u.

The troplionucleus is situated about the middle of the body,

or at most is only slightly nearer to the aflagellar end than to

the other.

Comparing these forms as they are seen in wet films (i.e.

films made by the second method), the length of the parasite

appears uniformly somewhat less, averaging about 25 jjl.

There is no doubt that the body of the trypanosome is always

rather contracted or shrunk by the wet method of prepara-

tion. This can be clearly seen to be the case by comparing

figs. 32-35 of these small parasites on wet films with the

figures of individuals of the same type on Giemsa smears. It

will be noticed also that, in the former case, the flagellar

border of the parasite frequently appears more crinkled and

ang’ular-looking than in the individual on “dry” smears; this

being the result of a shortening of the body cytoplasm to a

greater extent than the flagellar border (though the latter,

and of course the free flagellum, is also somewhat contracted).

The next type of the parasite, the medium-sized form (figs.

7, 8, 20, and 21), is distinguished by its long, finely tapering

aflagellar region, and also by the conspicuous undulating

membrane, the folds of which are broad and high. The
folds, it may be noted, frequently show the delicate endo-

plasmic intrusion, as described in the first memoir. The

aflagellar end may be very narrow and attenuated (figs. 7 and

20). The free flagellum is relatively long. The entire length

of these forms, in the above typical instances, is from 44-47 p,

the greatest width varies from 5 to 5A ju, the length of the free

flagellum is 11 to 13 /x, while the aflagellar prolongation of the

body, measured from the kineto nucleus, is usually 5 to 6J ,h
but in the individual of fig. 7 it is as much as 9 fx. In this

type the trophonucleus is always in the aflagellar half of the

the body, i.e. it is nearer to the kinetonucleus than to the
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point where the cytoplasm ends and the flagellum becomes

free.

The cytoplasm of both the types of form just described is

coloured either pale blue or a faint lilac in Giernsa smears.

Usually it appears fairly homogeneous in character (figs. 20,

21), but now and then it contains granules, more or fewer,

which stain dark red (fig. 8).

The third distinct variety of form shown by the trypano-

some is very large, and also differs markedly from the other

two types in the appearance of the cytoplasm (figs. 9-11,

22, 24). This is very dense, and in Giemsa-stained smears is

coloured a deep and intense blue, which may be slightly

tinged with purple or lilac. The aflagellar region of the

body is prolonged for some distance beyond the kineto-

nucleus. It usually tapers to a fine extremity, but it is never

so narrow and attenuated as in the medium-sized parasites,

because in these large forms the body is much broader at the

level of the kinetonucleus than in the latter. The undulating

membrane may be very prominent, especially towards the

flagellar end of the body. The dimensions of some of the

largest of these forms (figs. 10, 22 and 24) are as follows :

Total length 54-60 /x, greatest width 5|-6 /x, length of afla-

gellar prolongation 12-15 /x, and length of free flagellum 8h /x,

the last named being comparatively short. A rather shorter

but broader individual (fig. 11) measures 50 j

u

in length,

6J j

u

in width, while the aflagellar part is 9 /u long, and the

fhigelluin again 8J ju.

In wet films, stained by iron-hsematoxyliu, this type is

readily distinguishable (figs. 43 and 44), both by its general

shape, which agrees quite well with appearance of similar

parasites on the other smears (allowing for a uniform shrink-

age in size), and also by the staining reaction of the cytoplasm,

which is stained dark grey, a much deeper tint than in the

case of the small or medium-sized individuals, whose cyto-

plasm is quite pale or else only slightly stained. The largest

examples of this type, as seen in wet films, measure 44 /x in

length, 4J /u in breadth, the aflagellar region is 7 /x long, and



ON THE TRYPANOSOME OF THE LITTLE OWL. 169

tlie free flagellum 7-10 ^

;

it may be, of course, that these

particular examples are not really quite as large as that, for

instance, of fig. 10, making allowance for some contraction.

All the individuals of this large type which we have found

in wet films have the same general shape and appearance

—

that of a long, rather thick spindle with finely tapering

extremities; and this form agrees closely with the appearance

of these individuals as they were observed alive. Hence we

feel sure that on Giemsa-stained smears, those individuals

which closely resemble the above-described parasites on wet

films can be correctly regarded as having* retained the

typical and normal appearance
;
and it is from such standard

examples that we have taken the measurements given above.

This is an important point to note, because these large para-

sites are difficult to obtain well fixed and stained on a Giemsa

smear. Not uncommonly they are found of the weirdest

shape and appearance
;
we have not the least doubt that such

individuals have been deformed and distorted in making the

preparation. Such parasites are generally very much flat-

tened out, while the aflagellar end is blunt and broad and has

quite lost its true shape
; sometimes the whole trypanosome

may appear nearly rectangular. It is quite useless to figure

such individuals
; Zupitza

( 19 )
has given (fig. 49, pi. 5), an ex-

cellent illustration of how far removed from its true shape one

of these large forms (which he regards as “T. ziemanni ”)

may appear on a dry, Giemsa-stained smear. Unfortunately,

from his description Zupitza apparently quite fails to realise

that the individual he figures is hopelessly flattened out and

distorted.

The question of the flattening-out of these large forms,

which is, of course, liable to occur on a “ dry ”
film, has

an important bearing, we think, on another point. In

the memoir on the trypanosome of the chaffinch and redpoll,

the corresponding large blue forms there described showed in

most cases a characteristic structural peculiarity of the cyto-

plasm, namely its tendency to show an arrangement into

longitudinal bands, dark and light alternating, the former
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apparently composed of coarser, more closely packed granules.

It was stated then that these bands were not to be regarded

as actually representing myonemes. Now, in the case of the

large blue trypanosomes from the little owl, most of the well-

fixed individuals, i.e. those most closely approximating in

form (shape) to the corresponding type on wet films, show

scarcely any indications of such a structural differentiation of

the cytoplasm. Only in one or two individuals, which are

relatively rather wide, can traces of the bands be made out

(cr. fig*. 11). And none of these forms on wet films shows

any signs of this peculiarity, the cytoplasm being practically

homogeneous; this fact is, we think, most instructive. We
have come to the conclusion that this appearance is, to a large

extent, artificial, and chiefly the result of a certain flattening-

out on the “ dry ” Giemsa-stained smears. The narrower and

more compact the general cytoplasm of the parasite, the less

conspicuous is this band-like arrangement.

It may be asked, Why was this condition found very fre-

quently in the large forms of T. f ringillinar um, which

were figured as normal ? It must be recalled in explanation

that the preparations on which tlie account of these forms in

the latter trypanosome was based differed in two respects

from those we have of the parasites from the little owl. In

the first place, no wet films of T. f ri n gill in arum were

obtained. Secondly, the smears were made from the peri-

pheral blood, and Avere, of course, evenly spread out and thin.

On the other hand, in the case of the trypanosome Avith. which.

Ave are now concerned, all our preparations shoAving these

large individuals are made from the bone-marroAV, and the

smears are not nearly so thinly spread out. In fact, the best

fixed examples of these large forms are those which occur in

the neighbourhood of clumps and masses of cells.

It is fairly certain, therefore, that in the blood-smears con-

taining T. f ri ngi llin arum, these large blue parasites Avere,

Avhile really not distorted, nevertheless sufficiently flattened-

out to produce this effect of bands in the cytoplasm. At the

time, however, there Avas no reason Avhy one should have con-
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eluded this to be the case. If the figures given in the

preceding memoir of the large forms of T. fringi 11 inarum
are compared with figs. 10 and 24 accompanying of the

corresponding type of the parasite of the little owl, it will

be noted that the general cytoplasm in the former appears dis-

tinctly wider in proportion to the length of the body than in

the latter trypanosome, although this is really a larger

(longer) species. It may be mentioned that in one of the

figures (fig. 48, pi. 5) which Zupitza (loc. cit.) gives of the

large trypanosome identified by him with “T. ziemauni”
from Eurystomus afer, showing an individual that is mani-

festly flattened out, the cytoplasm also shows distinct bands.

As regards the significance of this appearance we think

it is probable that the clearer, lighter longitudinal zones,

which are usually the narrower, may correspond to the

position of the myonemes, though they do not, of course,

actually represent them. The myonemes themselves are

most probably fine but definite lines; apparently they

are not easily demonstrable in Giemsa-stained prepara-

tions. One of us
(13 )

was fortunate to secure a preparation

of T. percae, made by the wet method, which showed

the myonemes well, but even in the case of the large T.

raise, in iron-haematoxylin-stained films, we were unsuccess-

ful
(
14 )

in seeing them ; also in none of our wet preparations

of the larger forms of the trypansome of the owl have we
been able to make them out.

Of the three types or phases of the trypanosome above

described, which occur together in the bone-marrow, and

there alone, the small forms are the most numerous, the big

blue individuals are distinctly less frequent, while the slender,

medium-sized type, in its most fully developed condition with

the long, narrow aflagellar prolongation is least common, and

occurs somewhat scantily.

As already indicated, these three phases can be definitely

connected with one another by means of transitional forms

which occur. Thus the medium-sized, slender parasites

arise from the small ones by growth and extension of the

VOL. 57
,
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body, principally in the direction of length
;
at the same time

the aflagellar prolongation becomes conspicuously developed.

A regular series of intermediate stages is seen, for example,

in figs. 4, 18, 17, 6 and 19. The dimensions of these indivi-

duals are as follows : Fig. 4, (a) total length 35 /x, (
b

)
width

2h fi, (c) free flagellum 11 jx,
(
d

)
aflagellar part 4 ju; fig. 18,

(a) 40 g, (b) 21 p, (c) 16 g, (d) Sfx ;
fig. 6, (a) 39^, (b) 3

(c) 9J/x, ( d) 5 /i ;
fig. 17, (a) 42 (

b
) 3b /u, (c) 12 /x,'(d) 4 g ;

fig. 19, (a) 43 fj.,
{b) 4 /x, (c) 11 /x, (d) 5J/x. It will be noticed

that the length of the free flagellum may vary not inconsider-

ably and apparently indiscriminately in these forms. This

point was referred to in describing the cultural forms of T.

f ring ill in arum
;
and we think it is most probable that the

explanation given in that case holds here also, namely, that

the different length of the flagellum in what are otherwise

similar individuals is chiefly the result of the unequal splitting

of this organella in dividing parasites.

In T. f ringillinar um, it may be remembered, certain of

the small forms occurring in the bone-marrow, which were

broader and more stumpy than the others, were found show-

ing unmistakably commencing division (cf. fig. 54 of the

earlier memoir). Hence, as regards the corresponding small

forms from the little owl, it is most likely that they also

divide by binary fission, although apparently most infre-

quently. We have not been able to secure as marked indica-

tions of the process as were obtained in T. f ringillin ar um,

but we have found individuals which are broader or stouter

than the rest, some of which showed the kinetonucleus

double (fig. 16). .Just as in the case of the chaffinch-parasite,

these 'small trypanosomes are the only type of form in which

we have been able to find even a hint of binar}^ division.

Next, with regard to the large “ blue ” parasites, these also

can be undoubtedly linked up to medium-sized, slender forms

by intermediate stages, such as those shown in figs. 9 and

23. The measurements of these two individuals are as

follows: Fig. 9, length 43 /jl, width 3 £ /x, free flagellum 7 /u,

aflagellar prolongation 8 /u

;

and fig. 23, length 39 fi (at
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least), 1 breadth 41 fi ,
free flagellum 7 /x (at least), and aflagellar

portion 6 /u. It will be seen that from medium-sized forms,

such as those of figs. 6, 17 and 5 (which have not attained the

extremely elongated appearance presented by this type, when
fully developed), it is a very slight step to the “blue” forms

of figs. 9 and 23.

The latter type arises, we should say, principally by an

increase in bulk or density of the general cytoplasm of the

body, which results in a distinct alteration in its staining

reaction (chiefly by Giemsa). It is important to note that

this in no way involves a contraction in length, i.e. there is

no shortening of the body to compensate for increased stout-

ness. On the contrary, in the larger individuals the whole

body, including the aflagellar portion, is found to have

increased in length as well as in width or bulk. We shall

have to refer again to this point when subsequently criticis-

ing Zupitza's paper.

In the later owls (Nos. 19 and 23) the trypanosomes are in

a quite different phase—that is to say, the parasites are in what

we regard as the summer condition. We have not observed

any individuals either of the slender, medium-sized variety,

or of the large blue type; both these forms appear to be

entirely absent. Neither do most of the parasites present in

these later owls quite correspond to the small forms occurring

in the earlier birds, though in all probability they are

developed from the latter type.

The summer forms of trypanosome (figs. 12, 13, 29-31,

40-42) are all fusiform and stumpy in character, with the

kinetonucleus situated near the abruptly pointed afiagellar

end; nearly all the individuals observed, however, are dis-

tinctly larger than the small forms above described. More-

over, the body, instead of being a fairly slender spindle, is, in

most cases, comparatively thick or stout in proportion to its

length. This character may appear to be very marked, both

1 The total length of the parasite, as also the length of the free

flagellum, is probably a few fi longer, since the end of the flagellum

pasess over the nucleus of a blood-cell, where it cannot be traced.
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among the smaller and the larger individuals met with, so

much so that many of these parasites show in stained pre-

parations what has been described as a leaf-like appearance

or shape (figs. 12, 30, and 31). This is seen chiefly in smears

made from the peripheral blood, and is only exceptionally

found in the case ot‘ individuals on smears made from the

bone-marrow. Here also we have come to the conclusion

that this wide, leaf-like appearance is largely or almost

entirely due to the (artificial) flattening-out of thick, fusiform

parasites on thinly spread smears. This view is borne out by

a comparison of this type of parasite as it occurs in films

prepared by the wet method and stained by iron-haematoxylin.

All the parasites observed have the form of a stout spindle

(figs. 40-42) ;
but no leaf-like individuals have been seen on

wet films. Moreover, in the leaf-like forms the tropho-

nucleus appears more or less transversely elongated (figs. 12,

29, 30), which is never the case in any other form of the para-

site; compare Min cliin (13, p. 17) on similar forms of

Trypanosoma percae. Hence, in arriving at a correct esti-

mate of the proportions of the summer type of the parasite,

such flattened-out individuals are best left out of considera-

tion, since their breadth probably appears considerably

greater than is actually the case.

Fig. 13 shows the typical appearance of a trypanosome of

this stout, fusiform type, this being a fairly large individual.

Its length is 32 jjl, greatest breadth or thickness (including

the undulating membrane) 4fju, aud the length of the free

flagellum 9 jjl. Rather smaller parasites are seen in figs. 25

and 26, the former being 30 p long, 4j ju broad, and the free

flagellum 7 ju, while the latter is 34 jjl long, accounted for by

the much longer flagellum of 12/*, and 4J ju broad. Of

the flattened, more leaf-like individuals those of figs. 31

and 30 correspond in reality closely, we have no doubt, to

the above-mentioned parasites. The former is 32 jjl long, the

free flagellum being 6J /u, and its width appears to be 6J^u;

the latter is 291 fi long, the flagellum being 8 /u, while the

width is apparently as much as 7J jji. This latter parasite
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shows, it will be noticed, the curious chain of granules

running parallel to the flagellar border, which was frequently

observed in the case of the corresponding forms of T.

fringillinarum. The smallest trypanosome of this type

which has been observed (fig. 29) also happens unfortunately

to be on a thin blood-smear, 1 and is leaf-like. It is only

23J g long, the free flagellum being 6J n, and it appears

to be as much as 6J g wide ! Individuals as small as this are

very exceptional
;

the majority appear to be of much the

same size, having an average length of about 30 fi, and not

differing greatly from the dimensions given above.

Comparing now this type of form as it occurs on wet films,

we find, as already indicated, that all the parasites are fairly

uniform in size and appearance. They show well the typical

thick, fusiform shape of the body. They also exemplify

another important point, namely, the considerable shrinkage

in size which is undergone by the trypanosomes in the course

of preparing the wet films. The total length averages about

23/4, the individual of fig. 42, for instance, being 25 fi

long by 4\ jjl broad, while that of fig. 41 is 2(H /4 by 3f /u.

We have no hesitation in comparing these forms with

the average-sized ones of the dry series—say, for instance,

figs. 13 and 30 respectively. It might be thought, perhaps

that the parasites of figs. 40-42 corresponded rather to

the very small individual of fig. 29. We certainly do not

think so. We have only found such a small form in that one

case, the average size being considerably larger (longer), and

the wet films were made at the same time as the RomanoWsky

ones. Further, as was shown above, there is relatively quite

as great shrinkage in what are undoubtedly medium-sized

slender forms an’d large “blue” ones (i. e. types found in

the earlier birds) on wet films.

A feature in which the stout spindles differ markedly from

the slender small forms is the much larger size of the tropho-

1 On one oj* two thick blood-smears which were made, nearly all the

parasites have the more typical form, only a few individuals in the

thinner parts tending to be flattened out.



176 E. A. MINCHIN AND H. M. WOODCOCK.

nucleus, particularly of the karyosome. This is well brought

out by iron-hasmatoxylin-stained films (figs. 40-42), but it is

also seen in those Giemsa-stained individuals in which the

Text-fig. 1.

Scheme showing the different types of form of Trypanosoma
noctual and their connection with one another.

karyosome appears as a clear area in the nucleus (figs. 12

and 13).

General Considerations.

The principal conclusion at which we have arrived in this

paper is that all the different forms of trypanosome in the
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blood of Athene nocfcua belong to one and the same

species, for which we use the name Trypan osom a noctuae,

Schaudinn, in spite of the differences between Schaudinn’s

figures and ours. Above is a scheme showing the connection

between the different types of individual here described.

The stout spindles, which are the only forms we have

found in the summer condition of the trypanosome, and

which occur, it will be remembered, also in the general

circulation, are undoubtedly a transmissive phase of the

parasite; on passing into a mosquito (Culex) they give rise,

as will be shown in a subsequent memoir, to the develop-

mental forms characteristic of the Insectan host. It is

interesting and important to note that an exactly similar

state of affairs was found to be present in the trypanosome of

the chaffinch in its summer phase (cf . Case B in the former

memoir)

.

As indicated in the scheme, these stout spindles arise, we

feel practically certain, from individuals of the small fusiform

type, sucli as occurred in the earlier birds, their development

being along rather a different line from that leading to the

medium-sized and large “blue” types (the early spring

phases). Individuals such as that shown in fig. 27 are

clearly transitional between the small type and the fully-

developed stout spindle. While the parasite increases in

length to a certain, but not very great extent, the principal

direction in which growth or development takes place is a

pronounced increase in thickness or stoutness of the body

(cf. figs. 32 and 33 and 40 and 42 respectively, from wet

films).

Zupitza (loc. cit.) has, it seems to us, a quite erroneous

idea about the origin of these stout forms (and, what are the

same thing, the leaf-like forms). He considers them as being

later (older) stages of long, slender (so-called “ spirochaeti-

form ”) parasites. They are regarded as being developed by

a process of thickening or swelling of the body-protoplasm,

chiefly in the middle
;

concurrently the kinetonucleus is

pushed further towards the afiagellar end, and the delicate
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aflagellar prolongation is gradually lost, this region of the

parasite ultimately taking on the short, abrupt appearance

characteristic of the stout spindles. We certainly have never

found any indication of such a process, either in the trypano-

some of the little owl or in T. f rin gillinarum from the

chaffinch. In those types of form which develop a marked

aflagellar prolongation, this becomes distinctly more pro-

minent with the growth of the individual, corresponding with

the increase in size of the rest of the body. This is the case

both with the medium-sized, tapering forms (which were

termed “ definitive
” forms in the first memoir

[18]), and the

massive “blue” forms, as is clearly shown by a comparison

of the series of figures, both of the parasite of the owl and

that of the chaffinch. On the other hand, in the case of both

the distinct trypanosomes with which these studies have been

concerned, the stout spindles can be readily connected by

transitional forms with the small fusiform type (cf. par-

ticularly the figs. 5, 6, 42-44 of T. fr ingill in arum, which

show a complete series of intermediate stages). Another

point to be noted is that the larger individuals of the slender,

tapering* type have considerably more bulk than the smaller

individuals of the stout spindle type, and could by no

possibility become the latter. Zupitza's accouut gives,

indeed, a somewhat confused idea of the different phases of

Avian trypanosomes and their relation to one another. This

is partly due to the fact that he compares trypanosomes from

quite different hosts as if they were all phases in the life-

cycle of one and the same parasite, without having regard to

possible differences in size of the various forms, instead of

studying the same form in the same host through different

seasons of the year.

We have not been able to observe the condition or phase in

which the trypanosomes occur in the owl in the early autumn,

not having had any infected birds at this season. Hence, we

do not know what becomes of the stout spindles, which do

not pass into the Insectan host. As was discussed in the case

of T. f ringillinar um, we think it quite likely such forms
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may develop further into larg'e “blue” forms; these were

found in the general circulation in the autumn in the case of

T. frin gillinarum

.

The chief, and, indeed, about the only point of difference

between the trypanosome of the little owl and T. fringil-

linarum, so far as we have observed the two parasites, is

that in the latter species the massive forms were not found in

association with the small forms and the medium-sized

(“definitive”) individuals in the early spring, as in the

former parasite. It is quite possible, however, that these

forms could be found at that period in T. frin gill inarum
also. 1 Hence we do not now consider that there is much to be

gained by continuing to distinguish the medium-sized slender

individuals as “ definitive ” forms. In the case of the owl-

trypanosome this phase does not appear to be so prominent or

persistent as was found to be the case in T. frin gilli-

narum. It was mentioned in describing that species that

the “ordinary” forms, as they were regarded, might pass

later into the massive “ blue ” type. As we have shown above

in the present case there is undoubtedly a transition from

medium-sized slender forms to the large bine type
;
though

we are uncertain whether the former phase in its most fully

developed condition (cf. figs. 7 and 8) undergoes this

further development.

From the marked correspondence as regards the different

types of form which we have found in the case of two species

from widely different hosts we venture to think that the

scheme drawn up on p. 17G may be regarded as applicable in

the main to other Avian trypanosomes, and may perhaps be

taken as indicating typical phases in the life-cycle occurring

in the bird which are common to most species. Heading

Zupitza’s paper in this light we find that several points of

agreement with our results are shown by the parasites with

which he worked. The same types of individual are described

1 Since this paper was sent to press, one of us (H. M. W.) has found

these large forms in a chaffinch infected with I. fringillinarum early

in May.
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or figured under one name or another, and from one or more

birds. The true stout spindles, it may be noted, which

type is distinguished by Zupitza as <f T. avium minus”
occurred in most instances alone, just as we found to be the

case. 1 Massive blue forms were also met with (termed in one

case “T. a vi um maj u s
3 ’ and in another T . ziemanni).

From the descriptions which have been given of the trypano-

some of the little owl and of T. f ri n gill inarum in this

and the preceding memoir, it will be clearly seen, we think, that

these various names, such as T. avium minus, T. avium
maj us, etc., can be regarded only as general designations for

different types or phases which occur in the life-cycle of, at

any rate, many species of Avian trypanosome. They do not

represent distinct and independent forms or varieties. A
further very important point brought out is that this applies also

to the type which has been hitherto distinguished as T.

ziemanni. f f T. zi eman n i
”

is really only the large “ blue”

phase of T. noctuae, the trypanosome parasitic in Athene
noctua. This is equally true, we have no doubt, for the

species parasitic in Syrnium al uco, whether that is to be

considered also as T. noctuae, or as being a distinct species. 2

Mayer (12), in his recent paper on the parasites of this latter

owl, which will be more fully dealt with in a subsequent

memoir, figures trypanosomes which belong both to the stout

spindle t}7pe and to the large massive forms, the latter being

regarded as “Leueocytozo on-forms,” i. e. as equivalent

to SchaudiniTs T. ziemanni.

As we stated in the earlier part of this paper we have seen

nothing in the case of the parasites of the little owl to lend

any support to the view that these large trypanosomes are

actually connected with the Leucocytozoon ziemanni.

In the first place the latter parasite, in its large form, always

1 Unfortunately we cannot gather from Zupitza’s account whether

his birds were all examined at the same season of the year, or at diffe-

rent periods.

2 If it is a distinct species, to it belongs the name T. avium, as

emended by Laveran (8).
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occurs in the gametocyte phase, i. e. in the character of male

or female individuals which give rise only to the sexual

elements. Moreover, we have never found any corresponding

sexual difference among the massive trypanosomes which might

indicate that they were of male or female character. They

never show the marked differences in staining reaction pre-

sented by the Leucocytozoon.
We may repeat, therefore, that ‘

‘ T . ziemanni” is to be

regarded only as a phase or type of form of T. noctuae, just

as similar large forms occur in T. f ringillinar um; and

again, for instance, in the trypanosome parasitic in Eury-
stomus afer (allied to the roller-bird), where they are also

regarded by Zupitza (loc. cit.) as “ Leucocy tozoon

-

forms 99 and designated “T. ziemanni ”! 1

In view of the general agreement which we have found

between the different types of T. noctuae and those of T.

f ringillinarum, why, it may be asked, do we not regard

both these parasites, for instance, as belonging to the same

species? We feel practically certain that they are quite

distinct forms for the following reasons : First, on the

ground of their occurrence in very different birds, the hosts

being respectively little owls (and perhaps also other owls),

and chaffinches (and also redpolls and perhaps other Frin-

gillinae). Secondly, we have on several occasions inoculated

a little owl, free from any blood-parasites, with cultural forms

of T. frinfifillinarum , but have been unsuccessful in obtain-

ing any development of the trypanosomes in the bird. Lastly,

on morphological grounds, the various types of form of T.

noctuae appear to attain a slightly but distinctly larger size

than do the corresponding types of T. fringillinarum

so far as we can judge from our own observations. This

is seen from the following table comparing the two sets of

forms :

1 In any case, it is most unlikely that this parasite, occurring in a

quite different bird, would be the same species as Scliaudinn’s “ T.

zeimanni .”
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Type of form. T. fringillinarum. T. noctuae .

A. Small forms (slen-

der spindles), smallest
individuals observed

Total length, 25 /x.

Greatest breadth, /x

Total length, 26| /x.

Greatest breadth, 3 \ fi.

b. Medium - sized,
slender forms (so-

called “ definitive
”

forms), average size

of fully developed in-

dividuals

Total length, 41-45 /x

Greatest width, 4|-5 ju.

Total length, 44-47£ /x.

Greatest width, 5-5 1 /x.

c. Large, massive
“ blue ” forms, aver-

age size of largest

individuals

Total length, 45-48 /x

1

Greatest breadth, 51-

65 /x (probably slightly

flattened out—see text)

Total length, 54-60 /x.

Greatest breadth, 5±-6 /J

1

j

•
'

1

The Lister Institute,

April, 1911.
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[All the figures relate to Trypanosoma noctuae, and are magni-

fied 2000 times linear. We are indebted to Miss Rhodes for kindly

drawing and colouring most of the figures on PI. 20, and for drawing

two or three of those on PI. 21.]

PLATE 20.

Figs. 1-11 are from owl 8 ;
figs. 12 and 13 from owl 23.

(All the figures are from preparations stained by Giemsa.)

Figs. 1-3.—Small forms (small spindles).

Fig. 4.—Transitional form from small fusiform type to slender,

medium-sized type.

Figs. 5 and 6.—Young individuals of the slender, medium-sized type

(not Lilly developed).

Figs. 7 and 8.—Fully developed individuals of the medium-sized

form ;
the individual of fig. 7 is probably a little flattened.

Fig. 9.—Small individual of the massive “ blue ” type (c f. with figs. 5

and 6).

Figs. 10 and 11.—Large individuals of the massive “ blue ” type
;
the

latter shows indications of the longitudinal bands in the cytoplasm.

Figs. 12 and 13.—Stout spindles (early summer phase)
;
the former is

£ typical, full-sized individual
;
the latter is flattened out (so-called leaf

form).

PLATE 21.

Figs. 14-17, 19 and 20, 22-24, 32-36, 38, 39 and 44 are from owl 8

;

figs. 18, 21, 37 and 43 from owl 13 ;
figs. 25 and 26 from owl 19 ;

and

figs. 27-31, 40-42 from owl 23.

(Figs. 14-31 are from preparations stained by Giemsa.)

Figs. 14 and 15.—Small spindles.

Fig. 16.—Small spindle, just commencing division; there are two

kinetonuclei, and apparently the karyosome in the trophonucleus has

also divided.

Figs. 17-19.—Intermediate stages in the growth of the medium-sized

slender type.

Figs. 20 and 21.—Fully developed medium-sized forms.

Figs. 22 and 24.—Massive “ blue ” forms.

Fig. 23.—Small individual of the same type.

Figs. 25, 26, and 28.—Stout spindles.

Fig. 27.—Transitional form from small fusiform type to stout

spindle.
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Figs. 29-31.—Stout spindles, more or less flattened-out (leaf-like)

;

the individual of fig. 29 is the shortest of this kind found.

(Figs. 32-44 are from preparations stained by iron-lisematoxylin.)

Figs. 32-35.—Small spindles.

Figs. 36-39.—Medium-sized slender forms.

Figs. 40-42.—Stout spindles.

Figs. 43 and 44.—Massive “ blue ” forms.
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. Introduction.

The following investigation was suggested to me by

Professor J. P. Hill, whom I have to thank for the material

upon which it was carried out, together with valuable data

regarding it, and also for the kindly help he has afforded me
throughout the course of the work.

A large amount of work has been done on the growth of

the mammary glands during pregnancy in the Eutheria, but,

as far as I have been able to discover, no one has hitherto

studied the growth of these glands in the marsupials. In

this group, however, owing to the comparatively short

duration of intra-uterine gestation, one would expect the

relation of this growth to the other changes occurring at the

same time to be less obscure than in the higher mammals.

The animal chiefly investigated was the Australian native

cat, Dasyurus viverrinus, a small marsupial which has a

breeding season once a year. This is a feature of importance,

as it permits the whole of the genital org'ans, mammary
glands and associated structures to return to a condition of

complete rest between the breeding periods, whereas in some

of the higher animals, for example in the rabbit, a frequent

subject of investigation, they are practically in a constant

state of activity.

Hitherto only two papers have dealt in any way with the

mammary apparatus of Dasyurus. Firstly, Katz (26), in

1882, gave a description of the macroscopic appearances in

the development of the pouch of the young animal, and

secondly, Bresslau (8), in 1901, examined and figured one

stage of this animal in the course of a general description of

the microscopic development of the pouch and teats in the

marsupials.

Sandes (42), however, has published a valuable account of

the development of the corpus luteum in Dasyurus based

on material from the collection of Professor J. P. Hill. 1

have had free access to the same collection, and have been

able in a number of cases to study the animals whose ovaries
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have been described by Sandes. I have also been able to

consult Professor J. P. Hill’s note-books, and am thus in a

position to correlate accurately the stages of development of

the embryo, corpus luteum, and mammary apparatus in a

way that has not been done previously in any mammal.

Matekial.

The material consisted of a number of complete pouches

of Dasyurus viv^rrinus, together with the underlying

mammary glands, which had been preserved whole in various

fixing fluids, that giving the best fixation being picro-

corrosive-acetic acid. The pouches were taken from animals

in all stages, both before and after parturition, and in each

case there was available not only a more or less complete

record of the animal for some time previous to killing, but

also an exact account of the stage of the embryo, whether in

the uterus or in the pouch, so that it was easily possible to

ascertain with what stage of embryonal development the

growth of the mammary gland corresponded.

In addition to the Dasyurus material, I have examined

three stages in the activity of the gland in the domestic cat,

one stage in Perameles nasuta, one in the rabbit, and one in

the guinea-pig1 and these have been compared with the

corresponding stages in Dasyurus.

The glands were studied by means of serial sections cut

through them, aud the teat, generally at 8 or 10 p thick, while

for finer histological details sections about half the thickness

were employed. The sections were stained by means of

Ehrlich’s haematoxylin and eosin, which stain was found, after

experimenting, to produce the best general results. Great

care was taken that the changes from absolute alcohol to

benzole, and from benzole to paraffin wax, should not be too

sudden, so that the glandular tissue should not be injured in

any way.

1 For the last two I have to thank Miss E. M. Simmons, of the London
School of Medicine for Women.
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The following is a list of the material employed:

Series.

1 . .

2 . .

3. .

4. .

5. .

6 . .

7. .

8 . .

9. .

10 . .

11 . .

12 . .

13. .

14. .

15. .

16. .

17. .

18. .

19. .

20. .

21 . .

22 .

23. .

24. .

25. .

Dasyurus Viverrinus.

Description of Material.

Before Ovulation.

The pouch of a young animal 3 months after birth.

The pouch of a young animal 20 weeks after birth.

Animal getting into heat. Graafian follicles about ripe.

In heat, ova not yet shed.

During Pregnancy.

Ova shed and just entered the uteri.

Ova in one- or two-celled stage.

Ova mostly in two-celled stage, some one-celled.

Embryos in blastocyst stage, 124 mm. in diameter.

14 „

3*75 „

,. in vesicle stage 4‘5-6*0 mm. in diameter.

„ „ 6*5 mm. in diameter; primitive groove

stage.

Flat embryos.

Unattached embryos older than 13.

Greatest length.

Embryos just attached to uterus .... 4*3 mm.
„ some time after attachment . . .4*7

„ late uterine stage just before birth . 5‘75 „

After Parturition.

Greatest length.

New-born young in pouch just

after birth .... 5'5 mm.
Young some hours old 5'75 ,,

Young about 24 hours old . 6 .

„ 36 „ . . 6 „ .

,, 12 days old . 12 „ .

„ 34 . . 24 .. .

,, 2 months, 5 days after

birth .... 5*7-6 cm. .

,, 4 months after birth 9*5 „ .

Head length.

2 5 mm.

t

15

2‘8 cm.

4 5 cm.

After Ovulation not followed by Fertilisation.

Twenty-three unfertilised ova present in the uteri.

Nothing found in uteri. Ovaries with corpora lutea, about

5 days after heat.

26.

27.
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Series.

28. . Nothing found in uteri. Ovaries with corpora lutea, about

6 days after heat.

29. . Nothing found in uteri. Ovaries with corpora lutea, about

18

days after heat.

30. . Nothing found in uteri. Ovaries with corpora lutea, about

21 days after heat.

Further Material.

Series. Description of Material.

31. . Perameles nasuta: New-born young in pouch just after

birth.

32. . Domestic cat : Some time after cessation of milk-flow, almost

resting.

33. . ,, „ Young uterine embryos.

34. . „ ,, After birth, full flow of milk.

35. . Rabbit : Last stages of pregnancy—few days before birth.

36. . Guinea-pig : Towards the end of the milk flow.

Tbe record, from Professor J. P. HilPs note-book, given

below, which is that of No. 6 in the foregoing list, may be

taken as a typical example of that given with each of the

various pouches of D. viverrinus, and a further, more

complete record will be given in connection with the changes

that occur when ovulation is not followed by pregnancy.

No. 6: Received from Bundaroon 16 . vii . *01
: Killed

21 . vii .
'01.

16 . vii .
’01

: Pouch slightly tumid, cloacal margin swollen.

17 . vii .
’01 : Pouch only very slightly tumid in centre

—

cloacal margin large and swollen. Male in
;

Copulation

1-5 p.m.

19 . vii

.

’01 : Pouch very slightly tumid, cloaca still swollen.

20 . vii .
’01 : Pouch tumid centrally; slightly moist, very

dirty.

21 . vii . ’01: Pouch tumid; cleaned centrally, but dirty

round margin; sebaceous glands not showing. Killed 4 days

after copulation.

Left uterus 1*8 x 1*6 x #

7 c.mm. with 11 ova.

Right uterus 1*6 x 1*5 x *75 c.mm. with 8 ova. one and

two celled.

In order to facilitate comparison, all the figures have been
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drawn at the same magnification by means of a camera lucida

with a^ in - oil-immersion objective and a No. 2 Zeiss ocular.

The photo-micrographs also, with the exception of the first,

are all taken at a uniform magnification of 16 diameters,

and the reproductions are from the untouched negatives. I

have to express my thanks to Mr. F. Pittock, of the Zoological

Department of this College, for his valuable assistance in the

preparation of these photographs. For convenience of

description, the material investigated is arranged under six

headings: (1) Formation of the gland; (2) the adult gland

;

(3) changes prior to ovulation
; (4) changes during preg-

nancy; (5) changes after parturition
;
and (6) changes when

ovulation is not succeeded by pregnancy.

Formation of the Gland.

Bresslau (8) has shown that the earliest recognisable stage

in the development of the mammary organs of the marsupials

appears in the form of small lenticular thickenings of the

Malpighian layer of the epidermis (see Text-fig. 1, a). Each

of these lenticular structures foreshadows one of the teats with

its corresponding glands in the adult, and consequently it

may be distinguished as the teat anlage. This latter then

proliferates, and assumes a club-shaped form (see Text-fig. 1, b),

while the cutis around it thickens and forms areolar tissue.

The club-shaped condition is maintained for some time,

during which the pouch-formation commences. 1 Thus far

the development of the teat anlage follows a similar course in

all the marsupials, but from this stage onwards Bresslau

recognises two different types. In the first, the club-shaped

structure alters in form and again becomes more flattened,

and while it is still small a crescentic space appears within it

(see Text-fig. lc). The thickened epidermal walls of this

space are entirely constituted by the cells of the original

1 It is not the purpose of the present note to deal with the growth

and homologies of the pouch, a subject which has been fully treated in

a recent paper by Bresslau (9).



Text-fig. 1.

The Formation of the Mammary Glands in Marsupials.
a. Lenticular stage ; b. club-shaped stage, common to all mar-
supials. c. and D. Later stages in the development of the first

type. e. and F. Later stages in the development of the

second type. h. Branching hollow part of secondary outgrowth.
h. Portion of a hair. 1. Layer of columnar cells, t.p. Teat
pocket, p. Primary outgrowth, i . e. hair-follicle, s. Secondary
outgrowth, i . e. mammary gland anlage. t. Tertiary outgrowth,
i. e. sebaceous gland anlage. Figs, a-e are adapted from
Bresslau (8). Fig. f is from my own preparations of Dasyurus.
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knob-area. In the second the club-shaped anlage grows

markedly inwards, and thus increases greatly in length (see

Text-fig. 1, e), and finally a hollow appears within it, trans-

forming it into a deep cavity, the teat-pocket (see Text-

fig. l,p). It is to the second type that Dasy u rus viverrinus

belongs. From this stage onwards we find that all marsu-

pials follow a similar course of development.

The deep aspect of the club-shaped anlage is formed by a

layer of columnar cells, which have remained passive during

the preceding changes. Now, however, they give rise to solid

bud-like outgrowths—the “ primary outgrowths”—which

grow outwards from the deeper parts of the anlage into the

surrounding tissue (see Text-fig. 1, D and r). From these

original outgrowths arise similar solid projections—the
t( secondary outgrowths.” The primary outgrowths become

transformed into hair-follicles, which produce strong hairs,

and which also give rise to their appropriate sebaceous

glands, these latter arising from the follicles as tertiary out-

growths. The secondary outgrowths, the anlagen of the

mammary glands, grow into the surrounding tissue as solid

cellular cords, which, however, become hollow and slightly

branched at their distal ends.

In the pouch young of D. viverrinus three months after

birth, I find that the marsupium is already laid down as a

small, shallow, circular depression, in which are situated the

teat anlagen. The anlagen, which in the specimen under

consideration (No. 1) were six in number—three on each side

of the middle line—Fave the form of hollow invaginations of

the epidermis. This latter is considerably thickened in these

teat areas, so that it forms a many-layered stratified epi-

thelium. Each of the teat anlage is provided with six very

strong hairs, whose follicles run down from the base of the

epidermal invagination into the underlying tissue. These

follicles constitute the primary outgrowths of Bresslau (see

above). From the upper part of each primary outgrowth

there arises a cellular cord, the secondary outgrowth. This

is solid proximally, but in its deeper part it becomes hollow,
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and gives off a few short hollow branches. These latter are

the mammary tubules. They are lined by a double-layered

epithelium, the inner layer of which consists of somewhat

cubical cells (flatter, however, than the cells of the corre-

sponding layer in the adult) and the outer layer of more

flattened cells.

At a slightly later stage, in a pouch young twenty weeks

after birth, the six strongly built hairs emerging from the

teat anlage are still readily distinguishable. In section the

hair is seen running into the primary outgrowth, and from

the wall of this latter comes off the solid secondary outgrowth,

which becomes hollow and branched in its deeper part to

form the mammary tubule (fig. 1). The tubules have

increased slightly in size and in numbers, and the lumen, at

first confined to their distal extremities, has extended a

little way along the solid cord towards the primary sprout.

The wall of these tubules is in the characteristic two-layered

condition, the cells of the inner layer being somewhat more

cubical than those of the outer (fig. 11). From the upper

part of the hair-follicle, just below the origin of the secondary

outgrowth, another bud (the tertiary outgrowth) is originating

which will give rise to the sebaceous gland.

Each of the hair-follicles opening into the teat-pocket gives

off one secondary outgrowth, and as there are six of these

strong hairs, there are also six mammary gland anlagen. In

the adult Dasyurus we find that each teat has opening on it

six main milk-ducts, and so the hairs in the teat anlagen of

the embryo are the same in number as the main milk-ducts,

in the fully grown animal.

Further, the distal, hollow part of the secondary outgrowth

is lined by a double-layered epithelium, which is also

characteristic of the tubules of the adult gland in repose.

The solid cord of cells, on the other hand, is many cells in

diameter, and it is characteristic of the main ducts that their

walls are always more than two cells thick. Thus we may
infer that the proximal part of the secondary outgrowths gives

rise to the main milk-duct, while the terminal branches form
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the ramifying mammary tubules of which the adult gland is

composed, and from which the secretory alveoli develop.

At a later stage of development than is described above, the

hollow of the tubules extends upwards along the solid cord,

which is thus transformed into a duct, and comes to open

into the upper end of the lumen of the follicle.

From this condition ot‘ the gland and teat the transition to

the adult form is fairly straightforward, and may be con-

veniently divided into three stages : (1) The strong hair with

its follicle and outgrowing sebaceous gland completely dis-

appears. This, of course, leaves the duct of the mammary
gland opening directly into the teat pocket. (2) The

mammary tubules increase greatly in length, and become

more ramified. (3) The original epidermal invagination,

forming the teat pocket, is everted to form the definitive teat.

The Adult Gland.

The resting pouch in the adult is a well-marked, though

shallow, almost circular depression, containing as a rule six

teats. This number, however, is subject to slight variation,

for in the thirty pouches I examined, one (No. 3) had only

five teats, with no trace of the sixth, another, (No. 13) had

seven, and two (Nos. 6 and 7) had eight. The teats are

arranged on either side of a slightly raised ridge occupying

the middle line, and are usually situated nearer to the anterior

end of the pouch. On the apex of the teat open a number of

main milk-ducts (normally six, see fig. 6), which run down
some way below the skin before branching into a large

number of ramifying mammary tubules. The lining of the

main ducts running through the teat, from their external

openings up to the point at which they branch, consists of a

stratified epithelium four or five cells deep (fig. 12). The

branched mammary tubules of the resting gland, on the other

hand, are lined by a double layer of cells, similar in appear-

ance to those already described in the pouch young.

The skin lining the pouch is especially characterised by
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the presence of numerous sebaceous and sweat-glands, which,

even in the resting pouch, are larger than those in other parts

of the body. They undergo marked hypertrophy during

pregnancy, and it is an interesting fact that this hypertrophy

runs fairly parallel with that of the mammary apparatus, but

slightly in advance of it. Fig. 2 shows a typical section

through the teat region of the pouch, with the mammary
glands in repose, and gives a good idea of the relation

between these and the sebaceous and sweat glands overlying

them. The inner side of the whole gland is limited by the

musculature of the body wall, and also by the cremaster

muscle, while the various groups of tubules, both of the

sweat glands and of the lobules of the milk gland, are

embedded in a characteristic adipose tissue.

Yon Ebner (49) describes the lining of the milk-gland

tubules as single-layered in man, and Lane-Claypon and

Starling (31) also describe a simple epithelium in the case of

the virgin rabbit. According to Benda (5), however, this

epithelium is two-layered in the external parts, but becomes

single in the deeper parts of the gland, and finally

Brouha (10) has described in the domestic cat, the rabbit,

and the bat, the epithelium lining these tubules as double

throughout. From my own observations I am able to con-

firm this latter statement with regard to the domestic cat.

As in the foetus, so in the adult Dasyurus, all the branching

tubules of the mammary gland are lined by a double layer of

cells, at any rate in the resting animal, and for some time

after ovulation (fig. 13 ). The true secretory alveoli of the

gland with their simple epithelial lining do not make their

appearance until the last few days of pregnancy or until

some time after ovulation when this has not been followed

by fertilisation.

These observations are in harmony with Benda’s conclusion

that— te The epithelium of the glandular ramifications of the

adult mammary gland in repose is composed of a double

layer of cells.”

The internal layer presents the appearance of a typical
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glandular epithelium with its granular cells in a state of

slight activity. A trace of a secretion somewhat resembling

colostrum is always to be found as a coagulum in the lumen

of the tubules and ducts (figs. 12 and 13) until it is removed

by the more active secretion of colostrum or milk. It would

appear, then, that the gland, quite apart from the proper milk-

flow, is the seat of slow secretory activity, although this

secretion is quite different in microscopic appearance from

true milk.

A well-defined lymph-gland is situated close to the outside

of the mammary glands and between them and the under-

lying muscles of the body-wall. Wheu full grown it is about

the size of a small pea, and it appears to be correlated in

some way with the activity of the mammary gland, for it

enlarges at the same time (fig. 5).

Changes Prior to Ovulation.

Professor HilPs observations show that a slight change

occurs in the external appearance of the marsupium before

ovulation, in addition to the swelling of the cloacal margin

characteristic of heat, the pouch being described as becoming

tumid and also slightly moist internally. These external

alterations are accompanied by corresponding changes in the

microscopic appearance of the sebaceous and sweat-glands of

the pouch area.

The appearance of tumidity is caused iu large measure by

the enlargement of the sebaceous glands, which commences

just before ovulation and causes the lips of the pouch to

swell.

At the same time the sweat-glands become more active and

more coiled. The increase in activity is marked by the

epithelial cells becoming more granular and slightly larger,

and at the same time the lumen of the gland is found to be

partly filled by a secretion which, when it is discharged, no

doubt causes the inside of the pouch to become moist.

The mammary gland itself exhibits very little change
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during this period. In the tubules of the deeper part of the

gland are to be found a few structures of doubtful signifi-

cance, which may or may not represent mitotic figures, but

the actual formative growth of the gland does not appear to

start until after ovulation.

Changes during Pregnancy.

The Pouch.

It would appear from Professor Hill’s notes that the

changes which occur in the pouch during pregnancy are

very well marked, and give some indication of the stage of

development reached by the embryo in the uterus. In the

resting animal the pouch is a small circular depression about

10 mm. in diameter and 5 mm. in depth, and it is dry inside.

In the period proceeding ovulation its lips become slightly

tumid and the interior slightly moist, but after ovulation and

fertilisation the changes become much more apparent. The
pouch slowly enlarges and loses its circular form, becoming

somewhat elongated in an antero-posterior direction. Its

margins swell and become tumid, and the interior becomes

more moist. During the life of the animal the pouch, of

course, becomes very dirty, and so needs to be cleaned before

receiving the newly-born young. As soon as the secretion

of the cutaueous glands appears in some quantity within the

pouch, the mother commences to clean it out, at first cen-

trally, and then outwards towards the margin, until at last

the whole interior is quite clean. This cleaning process

usually appears to take place during the time while the

embryos are in the blastocyst stage. After this, the enlarge-

ment still goes on, so also does the production of the

secretion of the cutaueous glands, which can sometimes be

seen as drops of a reddish fluid in the pouch. The pouch

itself becomes lax and flaccid, and on its floor the sebaceous

glands begin to show beneath the skin. Towards the end of

pregnancy these glands are very large and prominent, the
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interior of the pouch is extremely moist and has assumed a

characteristic pinkish hue, and daring the last day or so a

watery lymph-like fluid is expressible from the teats. At
the time the young are born the pouch is extremely lax and

moist, and although subject to considerable variations in size,

is about 4-5 cm. in diameter by 2-3 cm. deep.

The Cutaneous Glands of the Pouch Area.

The tumidity is mainly due to the very great growth of

the sebaceous glands, and these continue to enlarge until

they reach their maximum size at just about the time when

the embryos are becoming attached to the wall of the uterus.

This point was reached in No. 14, where the sebaceous glands

are seen to be of very great size and to occupy practically

the whole of the space between the mammary glands and

the skin (fig. 3). After this time they do not appear to

undergo any further enlargement, but remain constant, not

only during the remainder of pregnancy, but also for

some months afterwards while the young are still using the

pouch. This enormous development of the sebaceous glands

is an interesting feature, and it appears to be one of the

means by which the pouch is enlarged and deepened, and at

the same time made more or less soft for the reception of

the young.

The sweat-glands again take part in the general growth,

but do not undergo such a marked hypertrophy as the

sebacous glands. They appear to reach the height of their

activity while the ova are segmenting and while the blasto-

cyst is being formed, and as a result of this activity the

whole of the inside of the pouch becomes moistened with a

somewhat greasy secretion. This activity is maintained

throughout the remainder of pregnancy, although the glands

appear to become slightly smaller, and so the inside of the

marsupium is made moist to receive the young. The presence

of this secretion no doubt facilitates the cleaning of the pouch.
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The Mammary Glands.

It is in the mammary glands, however, that the most

marked changes occur during this period. The growth is

manifested by an increase in the ramifications of the tubules,

an increase in the size and activity of the individual cells

lining them, and the formation of secretory acini.

The tubules become more and more branched and give rise

to numerous solid bud-like outgrowths, which appear in

section as small masses of cells on the sides of the tubules,

and in which mitotic figures are frequently to be found

(fig. 15). Later the lumena of the tubules extend into

these bud- like projections, the cells of which become

arranged round the extension in a double layer. In this

condition the outgrowths constitute the first stage of the

alveoli. After these primitive alveoli have been formed in

considerable numbers their lumena expand, and the double

layer of cells lining them becomes reduced to a single layer

of somewhat cubical cells. These structures are now the

fully formed secretory alveoli (fig. 16). The larger part of

this growth takes place prior to the attachment of the

embryo to the uterine wall (stage No. 11). The cells of the

inner layer increase very rapidly during the formation of

the alveolus, and in consequence the outer layer becomes
somewhat discontinuous, and its individual cells become
elongated and flattened. It was suggested by Kolossow (30),

that these cells become transformed into typical smooth
muscle-fibres at the end of the growth of the gland, in

which case we should have muscular cells derived from the

ectoderm. I agree with Bronha (loc. cit.) that this does not

appear to be the case, although perhaps it may be possible

that they have a contractile function, as was suggested by
Benda (loc. cit.).

Bizzozero and Yassale (7) pointed out that the epithelial

proliferations during the growth of the mammary gland in

pregnancy resulted from the mitotic divisions of the original
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cells, and this observation has been confirmed by most inves-

tigators since that time. The hypertrophy in Dasyurus

occurs in quite a similar manner, and if the frequency of

the occurrence of mitotic figures may be taken as an index of

the formative growth of the gland, it would appear that the

maximum growth activity is reached while the embryos are

in the blastocyst stage (i.e. in Nos. 9 and 10). There

are signs of mitoses in all the preparations of the gland during

pregnancy, save perhaps the last. They are few in the early

stages, but during the blastocyst stage they are fairly

frequent. After the attachment of thefoetus they become fewer

and fewer, ultimately disappearing altogether, and the large

increase in size which occurs after this time is more or less of

a mechanical nature. It is brought about by the increase in

the size of the individual cells and the marked increase of

the lumen in both acini and ducts. An examination of the

sections of the gland of a domestic cat, in which there were

young embryos present in the uteri, shows that a similar

mechanical enlargement occurs after the growth of the

gland. The actual formation of glandular tissue, as measured

by the presence of mitotic figures in its epithelium, was at a

standstill, and the gland possessed small, fully formed, single-

layered acini.

Winckler (50) has described a membrana propria of the

glandular alveoli in the mammary gland in the form of a

transparent non-cellular membrane. Kolossinikow (29),

however, considers it to take the form of a network of

anastomosing cells, an opinion also held by Heidenhain

(22). It is described as a simple epithelial covering by

Rauber (38) and by Jakowski (25) as consisting of several

layers of anastomosing cells. My own observations confirm

those of Sticker (45) and Bronha (loc. cit.), who deny its

existence as a separate formation, and an examination of the

forming, resting, and growing glands shows that in Dasyurus,

at any rate, the so-called membrana propria is not an

independent structure. It consists simply of conjunctive

fibrillar cells from the stroma, which, during the enormous
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expansion of the alveoli, have been spread out and brought

close to their walls.

It has already been stated that towards the end of pregnancy

the glands secrete a substance which is expressible from the

teat of the living animal as a clear lymph-like fluid. The

coagulum of the secretion is present in the acini and ducts of

the gland, and is very similar in appearance to colostrum.

Changes after Parturition.

The Cutaneous Glands of the Pouch Area.

Both the sebaceous and the sweat-glands have reached

their maximum size early in pregnancy and after parturition

they appear to remain constant and in a state of moderate

activity, so that the pouch is kept soft and moist for the

contained young.

The Mammary Glands.

Little change, if any, is noticeable in the mammary gland

itself immediately after parturition
;

the gland mass has

perhaps enlarged a little in bulk owing to the slight increase

in the size of the alveoli.1 No further increase in the actual

number of glandular cells appears to take place after the birth

of the young, for very careful searching of the sections failed

to reveal any sign of mitotic or amitotic cell division. There

is a gradual increase in the size of the alveoli up to the

time when the young have been in the pouch four months

(No. 25), and at this stage, when fully distended by

milk, they are of enormous dimensions compared with the

size of the newly-formed alveoli.

As in the case of man the secretion of milk does not occur

immediately after parturition. Examination of the sections

shows that the birth of the young has no immediate effect on
the condition of the mammary glands, which is the same

1 The condition of the mammary glands in Perameles nasuta
just after the birth of the young (No. 31) is very similar to that of the

glands of Dasyurus at the same time (No. 18).

VOL. 57, PART 2. NEW SERIES. 16
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just after parturition (fig. 5) as it is just before (fig. 4).

In the gland of the animal with newly born young (No.

18), and also of the one with young a few hours old

(No. 19) no sign of milk is to be found either in the

alveoli or in the ducts, although there is a fair amount of a

colostrum-like secretion present.

The first appearance of true milk is in No. 20, where the

young are twenty-four hours old, and even here it is confined

to the aveoli and is not found in the main ducts. It is not until

No. 21, that is, thirty-six hours after birth, that we find

the gland and main ducts containing milk. The lining of

the gland in this animal presents the appearance of a typical

glandular epithelium in full activity, and the individual cells

have still a more or less cubical form (fig. 17). The
original two-layered condition of the tubules and acini has

completely disappeared in the deeper parts of the gland and

has given way to a single-layered one, and it is only in the

central portions near the base of the teat that we find the

tubules adjoining the main ducts with two layers of cells.

The acini in the central portions, of the gland are already

beginning to enlarge considerably, and the ducts also have

increased in size (fig. 6).

From this time onward the secretion becomes more and

more pronounced, and the individual alveoli become increas-

ingly distended, causing the epithelial cells lining them to

be stretched and flattened to a remarkable extent. Fig. 8

shows a part of the gland in No. 25, that is, four months

after the birth of the young, when the milk-flow is at its

height, and it will be seen that the increase in the size of the

gland is enormous. Comparison, however, with the three

preceding figures shows that this increase is entirely due to

the huge distension of the alveoli of the gland by milk and

not to an increase in the number of alveoli themselves. Such

an enlargement necessitates a great stretching of the secretory

epithelium, which under low magnification has the appearance

of thin lines marking the outline of the alveoli (fig. 18).

Contemporaneous with this great increase in the gland mass
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there is also an enlargement of the teat, which has grown

from about 2-3 mm. up to 8 mm. in number 24 and 1 cm.

in number 25.

In No. 23 the gland is in a very interesting condition,

for although it is, on the whole, in a more advanced state

than in any of the preceding stages, the alveoli are very much
smaller, but still in a fully active secretory condition. On
the other hand, the main ducts and their proximal branches

are enormously distended, and quite full of milk (fig. p9).

This is explained by the fact that the milk is periodically

forced into the throat of the embryo by the contractions of

the cremaster muscle, and that this particular animal was

killed while this feeding process was taking place.

The Nature of Milk Secretion.

Two opposing views have been put forward with regard to

the nature of milk secretion : it is maintained, on the one

hand, that its production is necrobiotic, and, on the other

hand, that it is purely a normal secretory process.

The first view was propounded by Virchow
(
48 ), who held

that the activity of the mammary glands was similar to that

of the sebaceous glands, and consisted of a physiological fatty

degeneration, in the course of which the epithelial cells fell

into the lumen and by their disintegration set free the milk-

globules. Langer
(
32), however, came to the conclusion that

the death of the epithelial cells played no part in milk forma-

tion, which was, on the contrary, an entirely secretory occur-

rence. This point of view was endorsed by Schmidt
(
43 ),

who thought, however, that after some time necrobiosis set

in. An intermediate position between these two extremes

was adopted by Heidenhain (22) in criticism of a theory

propounded by Rauber
(
38 ), that the leucocytes invaded the

alveoli and there underwent degeneration to form milk, and

the former maintained that the activity was partly necrobiotic

and partly secretory. This writer also pointed out that if the

activity was purely necrobiotic it would follow that, in order
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to provide the solid matter necessary for the production of the

milk, the cells of the gland would have to be renewed about

five times a day. Heidenhain’s theory has been maintained

in the researches of Frommel
(
16 ), Steinhaus

(
44 ), and

Dulcert (12), who also state, in support of it, that they have

found mitoses in all stages of the activity of the gland, by
means of which the cells and nuclei that have been destroyed

are replaced. Michaelis
(
36 ), with slight modifications of no

fundamental importance, also supports the view that the

nuclei by their degeneration take an active part in milk-

formation, but says they are replaced amitotically.

Contemporaneous with these works, however, we have

Bizzozero and Vassale (loc. cit.) and Benda (loc. cit.) still

upholding the theory of pure secretion, and contending that

no necrobiosis of either the epithelial cells or their nuclei

occurs. The latter author attributes the torn edges of the

cells lining the alveoli and the presence of nuclei therein to

faulty technique, and further states that he has seen no stages

of mitosis or amitosis. These views have again been borne

out by Unger
(
47 ).

Considering now the most recent writers on this subject,

first we have Simon
(
33 ), in 1902, who adopts in its entirety

the theory of Heidenhain, and states that the replacement of

the nuclei takes place by amitosis. He divides the secretory

changes into three parts : (1) The phase of cellular secretion,

(2) the phase of cellular excretion, and (3) the phase of cell

reconstruction, and it is in the second of these he describes

the cell as becoming decapitated and often, in addition, losing

a nucleus. Next, Bronha 1 (loc. cit.) in 1905 also records

this decapitation phenomenon, and comes to the conclusion

that the normal constituents of milk are produced by two

processes: (1) The fatty parts are produced by an ordinary

secretory activity of the glandular cells. (2) The albuminous

matter results from a necrobiotic activity in which a part of

1 This work of Bronha contains a very full bibliography and discus-

sion of the subject up to date, which should be consulted in the inves-

tigation of this matter.
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both the cytoplasm and the nucleoplasm of the cells is set

free into the alveoli.

In the same year Arnold (2) pointed out that the parts of

the cells which lie in the lumen may be artifacts or may be

produced by the energetic sucking of the young causing a

lesion of the cell walls. Finally, Bertkau (6), in 1907, carried

out a series of investigations on suitable fixing and embedding

methods, and, from very careful comparisons of the results

obtained by various processes, came to the following con-

clusions on this subject
: (1) The appearances described as cell

decapitation and the expulsion of nucleoplasm are artifacts

due to unsuitable hardening or embedding or to post-mortem

chauges in the material itself. (2) Suitable methods show the

epithelium of the alveoli to be essentially similar to that in other

glands. (3) The production of milk is a purely secretory occur-

rence in no way connected with the necrobiosis, either partial

or complete, of the epithelial cells. Finally, it is to be remem-
bered, as Lane-Claypon and Starliug (loc. cit.) pointed out,

there is no evidence to show that the disintegration of the

gland-cells would give rise to the specific constituents of

milk.

As a result of my investigations on Dasvurus, the domestic

cat, the rabbit, and the guinea-pig, the glands of which were

fixed immediately after death, I find mvself in entire aofree-

ment with the conclusions of Bertkau stated above. I find that

Zenker’s fluid or picro-nitro-acetic acid is not a satisfactory

fixative for the mammary gland, and that picro-corrosive-acetic

acid or potassium bichromate and acetic acid gives very good
results. Particular care was taken that the changes from one

fluid to another during staining and embedding should not be

too sudden. The sections studied were about 5/ithickand the

results in the various animals very similar. Where the tissues

are not well fixed, and in the places where the knife had a bad
edge, the lumena of the alveoli contain pieces of torn cells sug-

gesting that decapitation had occurred. Sometimes also nuclei

are present in these places, but it is clear from the condition of

the surrounding tissue that the section is suffering from faulty
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preparation. In the tissues that have not this appearance

there is no trace of lacerated cell walls or discharged nuclei,

but, on the other hand, the outline of the cell and of the

nucleus is quite definite and intact, though the shape of the

cell becomes more flattened with the mechanical distension of

the alveoli. Prolonged searching failed to show any sign of

either mitotic or amitotic division of the epithelial cells or

their nuclei. The foregoing summaries show clearly that

this multiplication of the glandular cells rests upon very

doubtful evidence, as some observers describe it as mitotic

and others as amitotic.

It would appear, therefore, that milk is produced as the

result of a purely vital activity of the epithelial cells of the

alveoli of the mammary gland. These cells do not undergo

necrobiosis, partially or completely, at any rate during the

flow of milk, and they are not replaced by division either

with or without mitosis. Lastly, the nuclei and cell-heads

appearing in the gland lumen and the lacerated cell walls of

the epithelium are to be regarded in the nature of artifacts

and not of normal productions.

Changes when Ovulation is not succeeded by Pregnancy.

Professor J. P. Hill has pointed out
(
24

)
(c. f . also Marshall,

p. 576 [34]) that in Dasyurus the changes in the mammary
apparatus, even when ovulation is not succeeded by pregnancy,

are the same as those occurring in pregnant animals, at any
rate during the first stage of pregnancy. This is shown clearly

in the following record, which is that of No. 29 in a slightly

abbreviated form :

Dasyurus viverriuus (No. 3). Killed, 15 . vii . ’01.

18 . vi .
*01.—Resting pouch, placed with male.

20 . vi .
’01.—Cloacal margin getting tumid.

28 . vi . ’01.—Cloacal margiu tumid, but pouch also tumid
and slightly enlarged. Probably pregnant.

30 . vi . ’01.—Pouch only slightly tumid, moist slightly but

dirty. A whitish glairv secretion from the cloacal aperture
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consisting of refractive granules, round and angular (= secre-

tion of anal glands).

1 . vii .
’01.—Much the same, but no secretion.

3 . vii .
’01.—Pouch slightly tumid round margin, slightly

moist, not cleaned. Fresh male in
;
no action.

5 . vii .
’01.—Pouch tumid, more moist centrally, and looks

cleaned but dirty round margin.

10 . vii . ’01.—Distinctly tumid but slow in altering.

13 . vii .
’01.—Very distinctly tumid, somewhat lax; not very

moist, sebaceous glands just showing.

15 . vii . ’01.—Sebaceous glands now very prominent.

Pouch flaccid and deepened, but not greatly. Killed. Both

uteri very large and vascular.

Left uterus, 4*1 x 4*1 x l’l cm.
)

Right uterus, 2*7 x 4’1 x PI cm. j
11U§ oun

Altogether, then, the mammary glands of five females in

which ovulation was not succeeded by pregnancy were

investigated.

Series No. 26.—Twenty-three unfertilised ova in the

uteri.

Series No. 27.—Ovaries with corpora lutea about 5 days

after heat.

Series No. 28.—Ovaries with corpora lutea about 6 days

after heat.

Series No. 29.—Ovaries with corpora lutea about 18 days

after heat.

Series No. 30.—Ovaries with corpora lutea about 21 days

after heat.

The Cutaneous Glands of the Pouch Area.

The tumidity in the pouch of the animals now being

considered is caused in great measure by the enlargement of

the sebaceous glands. This enlargement is noticeable soon

after ovulation (No. 26), and reaches its maximum a few

days after this time (No. 28), when the glands are in a

condition comparable to that in the pregnant animals with
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embryos in the late blastocyst stage. The glands remain

constant in size in the rest of the animals in this series.

The sweat-glands also undergo hypertrophy, and continue

throughout in a state of moderate activity, just as they do in

the pregnant animals. This activity results in the production

of the secretion which causes the inside of the pouch to

become moist.

The Mammary GTands.

Again we find that the mammary gland itself is the seat of

the most marked growth during the period after ovulation in

these non-pregnant animals. In No. 26, which had twenty-

three unfertilised eggs in the uteri, the gland has in addition

to the ordinary tubules of the resting gland, a large number
of solid bud-like out-growths. These projections give the

gland, when viewed in transverse section, a far more compact

appearance than it has in the resting condition, and at the

end of the growth period they become transformed into

secretory acini.

In the next two examples, Nos. 27 and 28, the ovaries

contain well-marked corpora lutea, which are fully formed

and about full-grown. The mammary gland is still further

enlarged, and composed in its deeper parts of a mass of

alveoli, the walls in most of which are lined with a double

layer of cells, of which the outer layer has become much
flattened. But in a number of cases fully formed acini with

a single-layered epithelium are present. The tubules .near

the main ducts are dilated, and both are full of a secretion

that is similar in appearance to colostrum, and was, in one

case at any rate (No. 28), expressible as lymph from the test

of the living animal. The full extent of this enlargement

may be realised by a comparison of fig. 9, which is from

a section in series No. 27 with fig. 2, from a section

of the resting gland. In series No. 28 the gland is in a still

more advanced condition, but the tissue itself has not been

so well preserved. The stage of development reached by

these two would appear to correspond most nearly to that
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in Nos. 15 and 16, that is to say, in animals with embryos in

a late blastocyst stage or just attached to the uterus.

The whole of this growth is brought about by the mitotic

divisions of the original epithelium lining the first tubules,

and throughout the sections, more especially in those of

No. 28, mitotic figures are to be found in the growing portions

of the gland (fig. 14).

There remain now two animals. Nos. 29 and 30, which were

killed at a much longer time after ovulation. The record of

the first of these has already been given. In the second the

record is not so complete, but it would appear from the

sections of the mammary glands that the growth of these

latter had been carried on to a somewhat later stage. The

animal was killed nineteen days after the final copulation.

The sebaceous and sweat-glands in No. 29 show a state of

development comparable in all respects with that in animals

after parturition, and the pouch was tumid, lax and moist.

The mammary gland, too, is also in a condition resembling

that found in the stages twenty-four hours and thirty-six

hours after the birth of the young. The alveoli are fully

formed with their walls one cell thick, and their cells are in

a state of slight secretory activity. In the alveoli, the

tubules, and the ducts leading into the main ducts is to be

found a secretion which looks much more like milk than

colostrum, and is in all probability the former, although there

is no record that it was expressible from the teat of the

living animal.

In No. 30 the sebaceous and sweat-glands resemble those

of No. 29, but the mammary gland is in a more advanced

condition. The general appearance is somewhat in advance

of that of the stage thirty-six hours after birth-, for the

alveoli are more distended, and the ducts more enlarged.

Again we have the appearance of a secretion which is almost

certainly milk, and the cells of the single-layered epithelium

lining the alveoli are in a state of moderate activity.

Examination of a section of this gland (fig. 10) shows

that it is in a more advanced state than the glands of animals
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before parturition, and perhaps corresponds most nearly to

those in which milk is being secreted (fig. 6). Both the

above cases (Nos. 29 and 30), present another point of

similarity with the stages after parturition in that no sign of

a multiplication of the glandular cells, either mitotically or

amitotically, was to be discovered.

The entire series of growth-changes just described is

identical with that which occurs in normally pregnant animals.

It would therefore appear that although there was no

pregnancy, the growth and activity of the mammary glands

and neighbouring glands of the pouch area had reached a

stage of development indistinguishable from that which

occurs in auimals a day or two after parturition. There is

also present in these cases a secretion which appears to be

milk although it is not so plentiful as after pregnancy.

These facts are of great interest in the consideration of the

source of the stimulus which brings about the hypertrophy

of the mammary glands during pregnancy.

The Stimulus inciting G-rowth in the Mammary Glands.

The Nature of the Stimulus.

It is well known that there is an intimate connection

between the enlargement of the uterus and the growth of

the mammary glands during pregnancy. It would appear

that this correlation is due to the production of a hormone

affecting both parts simultaneously, which is carried by the

blood, although the seat of origin of such an internal

secretion is still the subject of much discussion. The earlier

idea that the growth of these glands was due to a stimulus

conveyed by the nervous connections between mammary
glands and uterus, although maintained as recently as 1903

by Basch 1
(
3), appears to be quite ruled out by recent

experiments. Eckhard
(
13 ) cut all the nerves supplying the

mammary gland in the goat without interfering with lactation

1 This work contains a very full bibliography relating to the physio-

logical aspect of the subject.
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after parturition. Ribbert (40), transplanted one of tbe

mammary glands in the guinea-pig to the region behind the

ear, and this transference did not stop the onset of normal

hypertrophy and milk secretion. Golz and Ewald (18),

removed the lower part of the spinal cord of a pregnant

bitch, and Routh (41) records the case of a pregnant woman
whose spine was crushed at the level of the sixth dorsal

vertebra, and in both these instances parturition followed by

suckling occurred in the normal manner. Finally there is

the case of the pygopogous Bohemian twins (46), in which the

cardae equinae of the two spinal cords are probably separate.

One of these, Rosa, conceived and gave birth to a boy on

April 17th, 1910, and the breasts of the other, Josepha,

enlarged simultaneously with those of her sister during the

pregnancy of the latter. After the birth of the child, milk

was secreted by the glands in Josepha although she had never

been pregnant.

From these facts it would appear that the growth of the

mammary gland is due to the presence of some specific

inciting substance carried by the blood, and not to the

nervous connection between ovary and uterus. In Dasyurus,

at any rate, this substance may also act as a stimulus to the

adjacent sebaceous and sweat-glands.

The Origin of the Stimulus.

Lane-Claypon and Starling (31), as the result of an

experimental inquiry into the factors causing the growth of

the mammary gland of the rabbit during pregnancy, came to

the conclusion that it was due to “ the action of a specific

stimulus produced in the fertilised ovum.” Heape (21),

however, does not agree with this interpretation that the

substance comes from the embryo, and brings forward as

evidence against it the facts that (1) “the beginning of the

development of the gland dates from some point prior to, or

during, pro-oestrus, and occurs normally apart from preg-

nancy”; and (2) “that full functional development of the

gland may be experienced by virgins, and therefore without
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any stimulus derived from a foetus.” The series of growth

changes occurring in Dasyurus after ovulation, not succeeded

by pregnancy, has already been described in the preceding

section, and its practical identity with that of pregnancy has

been pointed out. In this case it is perfectly obvious that

the enlargement commences quite apart from fertilisation,

and is continued when there is no fertilised ovum present to

produce an internal secretion.

Lane-Claypon and Starling (loc. cit.) further state that

in their opinion the chief source of the hormone in the early

stages of pregnancy may perhaps be located in the

chorionic villi. This, however, does not apply to Dasyurus,

for here we find that the most active growth-period occurs

while the embryos are in the blastocyst stage, and that by far

the greatest part of the enlargement, due to the actual increase

of glandular tissue, has occurred before the embryo becomes

attached to the uterus at all. It has been pointed out above

that the increase in size after this time is to be explained

largely by the mechanical increase in the size of the lumena

of both alveoli and ducts. It may be urged as an objection

that although there is no placenta present there is still the

trophoblastic ectoderm of the embryo, and this might give

rise to the hormone. Although this is possible here, it is

quite impossible in the cases of milk secretion by virgins

when no foetus is present. Further, it should be remembered

that at puberty there is a marked growth in the mammary
gland, though no product of conception or organ of attach-

ment is present. Halban (19) also looks to the placenta as

the point of origin of the hormone during pregnancy, but

says that during puberty and menstruation the changes in

the mammary glands are dependent on a chemical substance

derived from the ovary, and again, that in unusual patho-

logical cases (e.g. abnormal growths in the ovary) the ovary

is able to work in a similar manner to the placenta. Thus it

does not seem satisfactorj' to consider the placenta as the

point of origin of the stimulus, nor the presence of a fertilised

ovum as necessary for its production. We now have left the
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theory of Heape (loc. cit.) that the source of the stimulus-

exciting development in the mammary glands is in the

ovary.

The Importance of the Ovary.

There is good experimental evidence to show that in the

higher mammals the ovary is of extreme importance to the

commencement of the growth of the mammary glands at all

times. Marshall and Jolly (35) point out that double

ovariotomy before puberty begins has the effect of preventing

its onset, with the associated growth of the breasts. Accord-

ing to Dixon
(
11

)
the same operation after puberty produces

a cessation of menstruation, sometimes accompanied by

atrophy of the breasts and internal genital organs. Halban

(20) found that if the ovaries were removed from guinea-pigs

shortly after birth the uterus and mammary glands remained

undeveloped, and Lane-Claypon and Starling (loc. cit.)

have shown that, even during pregnancy in the rabbit, if

Porro’s operation be performed and the ovaries removed

during the first fourteen days (i.e. approximately the first

half) the development of the mammary gland ceases and

retrogression takes place without a secretion of milk. There-

fore it seems we should look to the ovary for the seat of this

hormone. Kuauer (28), as a result of his experiments, came

to the conclusion that it is only so long as there is an active

functional ovary present that it influences the general

metabolism of the body. But it is obvious that this secretion

is not produced continuously by the ovary, but only at the

periods of heat, for it is only at these times that the mammary
glands undergo enlargement. An extremely interesting case

bearing on this point is reported by Gelhorn (17), who
describes a woman with seven nipples in the neighbourhood

of the mons veneris, and states also that these abnormally-

situated mammary glands yielded a How of milk at each

menstrual period. Puberty is only the commencement of

these oestral periods, and pregnancy consequent upon one of

them. Now oestrus has been shown by Marshall and Jolly
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(loc. cit.) to correspond with ovulation, which occurs by the

bursting of the Graafian follicles, and is followed by the

formation of the corpora lutea. It would seem, then, that it

is to these structures, formed after each ovulation, that we
must look for the seat of the production of the stimulus

causing the growth of the mammary glands.

The view that the corpus luteum is a ductless gland was first

suggested by Prenant
(
37 ), and this has been maintained by

most of the workers since his time. Indeed, Regaud and

Policard
(
39 ), in the hedgehog, have demonstrated by means

of special methods of staining the presence of specific secre-

tory drops in its cells.

The Functions of the Corpus Luteum.

Gustav Born suggested that the function of this ductless

gland was to secure the attachment of the embryo to the wall

of the uterus, and accordingly Fraenkel and Cohn
(
15

)
in

1901 and Fraenkel
(
14

)
in 1903 performed a number of

experiments upon rabbits to elucidate this point. The con-

clusions they arrived at were, that the corpus luteum is a

ductless gland whose function is to regulate the nutrition of

the uterus, and to prepare its mucous membrane for the

maintenance of the fertilised ovum. Marshall and Jolly

(loc. cit.), after a series of experiments on bitches and rats,

came to much the same conclusion as Fraenkel and Cohn,

namely, that “ after ovulation, which takes place during

oestrus, the corpus luteum is formed, and this organ provides

a further secretion whose function is essential for the changes

taking place during the attachment and development of the

embryo in the first stages of pregnancy.” Now Fraenkel

(loc. cit.) had found that if the corporea lutea alone were

destroyed by cautery at any time during the first six days

of pregnancy, while the rest of the ovary was left intact,

then pregnancy came to an end. Similar experiments on

rabbits have recently been made by Kleinhaus and Schenk

(27), who found that if the corpora lutea were destroyed

during the first nine days of pregnancy abortion invariably
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followed. So that there appears to be no doubt that the

corpus luteura is a ductless gland whose secretion is necessary

for the attachment of the foetus in its early stages.

Sandes (loc. cit.) investigated the formation of this body

in Dasy urus viverrinus, and he thinks that it is probably a

glandular organ whose secretion influences the genital organs

and the organism generally, and that it prevents ovulation

(a function previously attributed to the secretion of this

structure by Beard [4], but only temporarily if no pregnancy

occurs. He showed that the formation of the corpus luteum

was rapid, and that it persisted during the greater part of the

time that the animal was lactating, and it only disappeared

when the young animals became independent. This work, as

was pointed out in the introduction, furnishes the material

for an interesting correlation between the growth of the

corpus luteum and of the mammary gland. For the purpose

of ready comparison I have arranged in five vertical columns,

firstly, the various stages in the growth of the corpus luteum

and mammary gland, and secondly, the condition of the

embryo, of the corpus luteum, and of the mammary gland

corresponding with them. The stages of the norpus luteum

are taken from Sandes* list which should be referred to for

the full details, the stages of the mammary gland from my
own list of material given above, and the stages of the

development of the embryo from Professor J. P. HilFs note-

books. It should be noted, however, that Sandes divides the

growth of the corpus luteum into three stages : (1) The
early corpus luteum, i.e. the period immediately after the

rupture of the Graafian follicle when it is being formed
; (2)

later corpus luteum, i.e. after the formation is complete,

but while it is still actually increasing in size ; and (3) a stage

in which it remains practically constant.

The same facts may be illustrated in a more striking

manner by means of a comparison between the curves of

growth in the two cases.

From the above it will be seen that as soon as the corpus

luteum has begun to form the growth of the mammary gland
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Series of
corpus
luteum.

Series No. of
mammary
gland.

Condition of the embryo
or ovary.

Condition of
corpus luteum.

Condition of
mammary gland.

A 3 and 4 Ovary with ripe
follicles

None At rest.

B 5 and 26 Immediately after
rupture of Graafian
follicles

Commence-
ment of

formation

Commence-
ment of
growth.

c* 6 and 7 * Ova in 1- and 2-cell

stages
Forming Growing.

D Ova in 16- and 32-cell

stages
Forming

E 8 1 Blastodermic vesicles

|

1 mm. in diam.
Formed Growth

marked.
F —

!

Blastodermic vesicles

i 2 5-3 mm.
Growing —

F,* 9 * Blastodermic vesicles

max. 3 5 mm.
Growing Increased

growth.
G 10 Blastodermic vesicles

3'5-4 mm.
Growing About height

of growth.
H * 12 *

; Blastodermic vesicles

1

65-7 mm., primi-
tive streak stage

1

Large cor-

porealutea,
about the
full devel-

opment of

same

Growth
slower.

K 17 Late uterine stage, 5 75
mm. embryo

Constant Constant.

L 18 and 19 New-born young, 3

hours in pouch
Constant Constant.

M
|

24 (younger),

25 (older)

Young about 3 months
after birth

Constant Constant.

* In these cases I have definite proof that the animals were identical,

and it is very probable that this was also true of the remainder.

commences, and this growth is noticeably increased after the

corpus luteum is fully formed—a stage which Sandes has

found characterised by the presence of plentiful lutein

granules in its cells. The growth in both cases follows a fairly

parallel course; that of the mammary glands reaches its

maximum in No. 10 and ceases at No. 15, while the

height of growth activity in the corpus luteum occurs in

No. 9, and it ceases somewhere about No. 12. Then

follows a period during which both structures remain practi-

cally constant, although there is the mechanical increase in
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the size of the gland daring lactation, and finally the two

structures die away together.

In a previous section it has been pointed out that

when ovulation is not followed by fertilisation the

mammary glands undergo an enlargement similar to that

Text-fig. 2.

4 5 6 7 0 8 F 9 10 II IZ 13 14 15 16 17

AFTER BIRTH
EMBRYONAL DEVELOPMENT

The Growth Curves of the Mammary Glands and
Corpus luteum in Dasyurus viverrinus. The con-
tinuous line represents the growth of the mammary glands. The
dotted line represents the growth of the corpus luteum. The
numbers along the base line represent stages in the develop-
ment of the embryo, the details of which have been given in the
table above or in the list of material. The letters d and F are
intermediate stages in the development of the embryo taken
from Sandes’ list, and the details of them are given in the above
table. (i) End of the formation of the corpus luteum.
(ii) Beginning of marked growth in mammary glands, (iii)

Height of growth activity in the corpus luteum. (iv) Height of
growth activity in the mammary gland, (v) End of growth
of the corpus luteum. (vi) End of growth of the mammary
gland.

VOL. 57, PART 2. NEW SERIES. 17



220 CHAS. H. o’dONOGHUE.

which takes place during pregnancy. It is interesting, there-

fore, to inquire into the development of the corpus luteum in

these cases. Sandes (loc. cit.) in his paper states “that it is

probable that the process of corpus luteum formation in

Dasyurus ovaries, whose ova are extruded, is the same

whether the ovum is fertilised or not.” This supposition has

proved to be correct 1 and so there is the same marked corre-

lation between the formation and growth of the corpus luteum

and the hypertrophy of the mammary glands in non-pregnant

as in pregnant animals. It is to be borne in mind also that

the stimulus causing growth is not nervous but due to the

presence of a hormone, and that in the non-pregnant

animals this secretion could not come from either foetus or

placenta.

These considerations make it extremely probable that, at

any rate in Dasyurus, we may regard the corpus luteum as a

ductless gland producing an internal secretion, which in

addition to its other functions is intimately connected with, if

not, indeed, the actual inciting cause of, the growth of the

mammary gland.

There is considerable evidence to show that a similar state-

ment is true also of the rabbit, for Lane-Claypon and Starling

(loc. cit.), in the course of their investigations noted, that the

growth of the mammary gland is marked almost immediately

after impregnation, and they arrived at the three following

experimental results :

1 In order to substantiate this observation, I have cut serial sections

of the ovaries of several animals in which ovulation was not succeeded

by pregnancy, including those of Nos. 28, 29, and 30 in the foregoing

list of mammary gland material. These were compared with the original

slides made by Dr. Sandes and now in the possession of Professor J. P.

Hill, and from an examination and comparison of the two series it

appears that the process of formation and growth of the corpora lutea

is the same in both cases. Dr. Sandes was also good enough to look

through the slides for me, and he confirmed his previous opinion that

there is no difference between the formation of the corpora lutea in a

pregnant and non-pregnant Dasyurus, i. e. between the corpus luteum

verum and the corpus luteus spurium.
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(1) That if the ovaries and internal genital organs be

removed before the fourteenth day, i.e. about the first half

of pregnancy, the mammary glands return to a state of rest

without giving any milk.

(2) That if the same operation be performed after this time

within two days milk is expressible from the nipple, that is to

say, that by this time the mammary gland has reached a stage

of development at which it is able to become functional.

(3) That “the growth of the ovaries is, however, chiefly

marked in the first third or half of pregnancy. After this

time the Corpora lutea begin to diminish in size and with

them the whole ovaries/’

Now the researches of Fraenkel and Cohn (loc. c it.) and

those of Kleinhansand Schenk (loc. c it.), have shown that the

important factor in the changes during early pregnancy is the

corpus luteum and not the whole ovary.

It would therefore appear from a consideration of these

facts that in the rabbit the secretion of the corpus luteum is

not only necessary for the first stages in the attachment of

the embryo, but also is the stimulus causing the growth of the

mammary glands, at least up to a point where the gland is

sufficiently developed to produce milk.

Since arriving at the foregoing conclusion, my attention has

been drawn to a demonstration of Ancel and Bouin (1), who
have shown that in the rabbit, when the appearauce of the

corpus luteum followed on coition with a male, part of whose

vasa deferentia had been double ligatured for some months,

or on the artificial rupture of the follicle, there was a large

growth of the mammary glands. This growth was very

noticeable by the fourth day, and continued up to the

fourteenth day, after which regression set in. It is to be

noted that Lane-Claypon and Starling found that removal of

the internal genital organs and ovary only produced a regres-

sion of the mammary glands without milk secretion if per-

formed before the fourteenth day.

From the evidence adduced above in regard to the rabbit

it would seem that the growth of the glands during the last
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half of pregnancy cannot be due to the corpora lutea, as

these bodies are diminishing or have disappeared. It is very

probable, however, that the growth after the first fourteen

days is due largely to an increase in the size of the individual

cells and a distension of the alveoli and ducts., for in the

specimen I have examined, No. 35, the formation of new
glandular cells has ceased. Now Lane-Claypon aud

Starling have shown that subcutaneous injections of foetus

and placenta extracts continued for some time produce a

marked hypertrophy of the mammary glands. So that there

are grounds for thinking that in this animal, at any rate, the

presence of a foetus may have something to do with the con-

tinued enlargement of the glands. But it is perhaps a

significant fact that in these experiments there is no unequi-

vocal case in which a secretion of milk resulted, although the

injections in one case were continued forfive weeks. Further,

the whole experiments were somewhat vitiated because there

was no allowance made for the growth of the gland occurring

at each oestral period. 1

In considering the question of the seat of origin of the

internal secretion inciting growth in the mammary glands, we
have to take into account the following facts :

(1) There is a marked correlation between the formation

and growth of the corpora lutea and the growth of the

mammary glands both in the pregnant and non-pregnant

Dasyurus viverrinus.

(2) The experiments of Lane-Claypon and Starling, given

above, show that the removal of the ovary while it still has

well-developed corpora lutea leads to a regression of the

mammary glands without functional activity.

(3) The experiments of Fraenkel and Cohn and of

Kleinhaus and Shenk (both referred to previously) have

shown the extreme importance of the secretion of the corpora

lutea, and not the whole ovary, to the uterine changes in the

first stages of pregnancy.

(4) Ancel and Bouin (loc. cit.) showed that a growth of

1 See Addendum.
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the glands followed on the production of corpora lutea in non-

pregnant rabbits. This growth went on for fourteen days and

then regression set in.

(5) Fourteen days is about the time taken in the formation

and growth of the corpus luteum, and after this time it begins

to disappear (Lane-Claypon and Starling).

From this evidence it seems we are justified in drawing the

following conclusion: The hormone causing the growth
of the mammary glands during pregnancy, and at

other times, is produced in the corpora lutea.

The Cause of the Secretion of Milk.

It is not intended here to discuss in detail the cause of the

secretion of milk in the glands, a question by no means satis-

factorily settled, and one that awaits further experimental

inquiry, but at the same time a brief reference to it appears

to be necessary.

Hildebrandt (23) put forward the theory that the fertilised

ovum during its development acted as a stimulus to the growth

of the mammary glands, and at the same time protected the

cells of the latter from autolytic disintegration. On the

removal of this check therefore the cells underwent autolysis,

and so produced milk. Reasons have been given above, under

the section dealing with the changes after parturition, to

show that this secretion is not to be regarded as the result of

any necrobiotic changes, but is, on the other hand, a purely

vital activity. The second part of the theory, i.e. that

lactation follows upon the removal of an inhibitory stimulus,

has been adopted by Halban (19), and also Lane-Claypon and

Starling (loc. cit.). The former gives an account'of cases of

extra-uterine fcetation in which the premature death of the

embryo was not followed by its expulsion, and points out that

there was a flow of milk from the breast a few days after

the death may be supposed to have taken place. He records

a similar phenomenon after the death of the foetus when this

occurs in the uterus, and he ascribes the production of milk in
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both cases to the removal, by death, of the placenta. The latter

authors, from a consideration of the results obtained by the

removal of the internal genital organs and ovaries (cited

above), come to the conclusion that 61
. . . lactation is due

to the removal of the stimulus, which, during pregnancy,

occasions the hypertrophy of the mammary glands.” Both

Halban and Lane-Claypon and Starling regard such a stimulus

as arising either in the placenta or the foetus. There are four

classes of facts of which neither of the above theories is a

sufficient explanation. Firstly, they do not account for the

production of milk in the case of virgins nor in the interesting

case reported by Gelhorn (loc. cit.), where milk was pro-

duced at each menstruation. Secondly, they do not account

for the fact that in the rabbit true milk is obtainable from

the gland during the last two days of pregnancy, i. e. before

the removal of either foetus or placenta. Thirdly, the

secretion of milk in the newly born young, a subject discussed

at some length by Bronha (loc. cit.) tells against the theory

that the inhibitory secretion has its origin in the foetus, as in

this case there is no removal of the stimulus and yet there is

milk produced. Lastly, they do not account for the large

growth of the mammary gland, identical with that taking

place in pregnancy, and probably followed by a small secre-

tion of milk, which occurs normally in Dasyurus when ovula-

tion is not followed by fertilisation.

Up to the present, then, there does not appear to be a

satisfactory explanation of the causation of milk secretion,

and the view that it is due to the removal of an inhibitory

stimulus whose origin is the placenta or foetus, consequent

upon parturition, must be regarded as by no means fully

established.

General Summary.

Formation of the Gland.— (1) The teat anlagen arise

from a proliferation of the cells of the Malpighian layer of

the epidermis.
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(2) The mammary gland anlage arises as a solid cellular

outgrowth from the follicles of especially strong hairs on the

primitive teat anlage.

(3) The hairs on the teat anlage are equal in number to

the main milk-ducts in the adult teat.

(4) The proximal solid part of the mammary gland out-

growth gives rise to the main milk-duct and the distal,

hollow branches to the mammary tubules of the adult.

The Adult Gland.— (1) The fully grown gland in

repose consists of six main ducts, with a lining epithelium

several cells deep, opening on the teat. The ducts lead down
into a large number of ramified twisted tubules whose walls

are two cells thick.

(2) It is the seat of continuous, but very slow, secretory

activity.

Changes prior to Ovulation.—There is an increase in

the size and activity of both the sebaceous and sweat-glands

of the pouch area, but very little, if any, growth in the

mammary gland.

Changes, during Pregnancy.— (1) There is a large

increase of mammary gland tissue at this period, resting

upon the mitotic division of its epithelial cells, and resulting

in the formation of a great number of true alveoli with single-

layered walls and a secretion of lymph.

(2) The sebaceous and sweat-glands of the pouch area

also hypertrophy and become active, the secretion of the

latter appearing as drops of a reddish fluid.

(3) The greater part (practically the whole) of the growth

in actual gland-tissue occurs before the attachment of the

embryo.

Changes after Parturition.— (1) The secretion of

milk does not commence until about twenty-four hours after

the birth of the young.

(2) Such secretion results from a purely secretory activity

of the cells of the glandular epithelium, and is not connected

with necrobiosis of either cytoplasm or nucleus.

Changes when Ovulation is not succeeded by
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Pregnane}".— (1) A large growth of the mammary gland-

tissue occurs, due to the mitotic divisions of its epithelial

cells, and it results in the formation of true alveoli with

single-layered walls. A substance which resembles milk is

secreted in small quantities in these alveoli.

(2) The sebaceous and sweat-glands of the pouch area

hypertrophy and become active.

(3) The above changes are very similar to, indeed in-

distinguishable from, those taking place during pregnancy.

Stimulus causing the growth of the Mammary
Glands.— (1) The stimulus causing the hypertrophy of the

mammary gland at any time is not a nervous one, but of the

nature of an internal secretion carried by the blood.

(2) The seat of origin of the stimulus producing this

growth at puberty, during heat, in virgins that have given

milk, and in Dasyurus after ovulation not succeeded by

pregnancy is neither in the foetus nor in the placenta.

(3) The presence of a functional ovary is necessary for

the growth of the gland at all times.

(4) The Corpus luteum is a ductless gland producing an

internal secretion which is responsible for the attachment

of the embryo to the wall of the uterus.

(5) (a) In Dasyurus, in the non-pregnant as well as in

the pregnant animals, the formation and growth of the

corpora lutea are intimately connected with the growth of

the mammary gland. In the non-pregnant animals the

secretion of the corpora lutea appears to be the only

assignable cause of the growth of the gland.

(b) In the rabbit, (a) the presence of an ovary (with

Corpora lutea) is necessary for the growth of the mammary
gland; (b) the growth of the mammary gland follows on the

experimentally induced production of Corpora lutea.

The general conclusion supported by the above evidence is

that the Corpus luteum is a ductless gland produc-
ing a secretion which is the inciting cause of the

growth of the mammary gland.
Cause of Milk Secretion.—There is at present no
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satisfactory theory of the causation of milk secretion. That

of the removal by parturition of an inhibitory stimulus

originating in the placenta or foetus does not meet all

cases.

Addendum.

Since the manuscript of this paper was sent for publication

in January several communications dealing with the function

of the corpus luteum and with the growth of the mammary
gland have come under my notice, I propose therefore to

refer briefly to some of these.

Tandler (58) and Foges (54) have come to the conclusion

that “ intra-uterine, pre-puberty, and puberty growth of the

breasts is directly dependent on ovarian function” (vide

55).

Frank and Unger (55) have reported that a series of growth

changes occur in the virgin rabbit resulting in conditions
“ which were indistinguishable from those seen at the end of

the first third of pregnancy.” This fits in with the descrip-

tion I have given above of the changes that take place in the

mammary apparatus of Dasyurus when ovulation is not

succeeded by pregnancy. It is a further example of

mammary growth that cannot be ascribed to the influence

of either foetus or placenta.

They further note that these virgin rabbits may have

breasts more developed than those of the ninth or tenth day

of pregnancy as described by Claypon and Starling (31).

This further emphasises the criticism of th$ results obtained

by these authors made in my paper. Precisely the same
criticism, namely that in none of the experiments was any

attention paid to, or allowance made for, this growth of the

mammary glands in non-pregnant animals, applies also to

the work of Foa (53) and Biedl and Koenigstein (52). These

investigators performed a series of experiments somewhat
like those of Claypon and Starling and arrived at more or

less similar conclusions.

Basch (51) in 1909 put forward the view that an inter-
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relation between foetus and ovary brought about the hyper-

trophy of the mammary glands. The majority of these

experiments were made on multiparous animals in which

milk secretion had ceased, and in these cases placental

extracts or implantation of placental tissue produced a flow

of milk. Now multiparous animals for some considerable

time after the cessation of milk secretion are useless for

these growth experiments as the gland is already fully grown,

and Biedl and Koenigstein report that abscesses in the breasts

of such animals lead to milk being secreted. Basch does not

clearly distinguish between milk secretion and hypertrophy

of the gland, and milk secretion is no index of gland growth

(vide Frank and Unger). All these experiments show is

that the gland when it is fully formed may be stimulated to

secretory activity by placental extract. This fact is of interest

in itself and may have some bearing on the cause of milk

secretion, but it has nothing to do with the formative growth

of the gland, which, of course, had occurred before the

experiments commenced. The author further describes one

experiment on a virgin bitch in which two ovaries from a

pregnant bitch were implanted subcutaneously into the back'.

In a fortnight there was an increase in the breasts, and in

eight weeks (i.e. about the normal duration of pregnancy)

they were equal in size to those of a late pregnant animal,

although the implanted ovaries were degenerate. Placental

extract was injected and was followed by the secretion of

milk, and the bitch was able to suckle pups. In this case,

again, no allowance was made for growth in non-pregnant

animals, and further, Heape (21) has recorded cases of virgin

bitches giving milk and suckling pups simply after copulation

not followed by pregnancy. So that no definite inference can

be drawn from this experiment.

Finally, it is only just to point out that L. Loeb (56 and

57), who has added a good deal of further valuable evidence

in support of the theory that the corpus luteum plays an

important part in the uterine changes of early pregnancy,

found that he could not induce these changes by daily sub-
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cutaneous injection of corpus luteum extract from an homo-

logous animal. Frank and Unger (loc. cit.) were also

unsuccessful in their injections of rabbits’ ovaries with fresh

corpora lutea, but in spite of this came to the conclusion from

other general considerations that “ evidence points to the

fact that the persistent corpus luteum of pregnancy may

produce this breast growth.”
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EXPLANATION OF PLATES 22 and 23,

Illustrating Mr. Chas. H. O’Donoghue's paper on “ The

Growth- changes in the Mammary Apparatus of Dasyurus

and the Relation of the Corpora Lutea thereto.”

List of Common Reference Letters.

al. Alveolus. c. Coagulum (of colostrum-like substance), c.ra.

Cremaster muscle, d. Milk-duct. d.o. Opening of milk-duct on teat.

f. Fibrillar cell. fol. Follicle of hair. h. Hair. 1. Lymph-gland, m.

Mitotic figure, m. c. Milk coagulum. mu. Muscles, o. Fat-globule.

seb. Sebaceous gland, sw. Sweat-gland, t. Mammary tubule, w. Wall

of alveolus.

PLATE 22.

Fig. 1.—Photo-micrograph (x about 90). Transverse section of the

gland-area in a pouch young twenty weeks after birth (i. e. Series 2).

One of the six strong hairs
(
h .) is projecting outward from its follicle
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(fol.). Note the absence of hair from the other parts of the skin. The

secondary or sebaceous outgrowth (seb .) and the tertiary or mammary
outgrowth (ter.) are also shown, and the latter is cut again in its tubular

part (t.)

Fig. 2.—Photo-micrograpli ( X about 16). Transverse section of teat

and gland in the adult resting pouch (i . e . Series 3)

.

Fig. 3.—Photo-micrograph ( X about 16). Transverse section of teat

and gland just before attachment of embryos to uterus (i. e. Series 14).

It shows the maximum development of the sebaceous glands (seb.) and

at the base of the section a portion of the cremaster muscle (c.m.).

Fig. 4.—Photo-micrograpli ( X about 16).—Transverse section of teat

and gland just before the birth of the young (i.e. Series 17). Com-
parison with fig. 3 shows that the sebaceous (seb.) and sweat-glands (sw.)

are no further advanced, while the mammary glands have enlarged.

Fig. 5.—Photo-micrograpli (x about 16). Transverse section of teat

and gland with new-born young in the pouch (i.e. Series 18). The
state of the mammary glands is practically the same as in fig. 4. It

also shows a part of the lymph-gland ( l.), which underlies the mammary
gland and is more enlarged here than in the resting pouch.

Fig. 6.—Photo-micrograpli (x about 16). Transverse section of teat

and gland at the commencement of milk flow (i.e. Series 21). Owing
to the way in which the teat was bent upon itself the section runs

nearly transversely across it, and so shows clearly the six main ducts (d.)

which open separately on its surface.

Fig. 7.—Photo-micrograph ( X about 16). Transverse section of teat

and gland when the young are thirty-four days old (i.e. Series 23).

The ducts (d.) are dilated with milk (m.c.), as the animal was probably

killed while feeding her young. The opening of two milk-ducts (d. o.)

appear on the surface of the teat.

Fig. 8.—Photo-micrograph (x about 16). Transverse section of part

of the mammary gland in full activity when the young are four months
old (i.e. Series 25). This is magnified to the same extent as figs. 2-7,

and shows the enormous hypertrophy undergone by the gland. The
alveolar walls (w.) are reduced to mere lines.

Fig. 9.—Photo-micrograpli
( x about 16). Transverse section of teat

and gland where ovulation has not been followed by pregnancy (Series

27.) Note the advanced state of the gland, it is more advanced than
that in fig. 3.

Fig. 10.—Photo-micrograpli ( X about 16). Transverse section of teat

and gland where ovulation has not been followed by pregnancy (Series

30). Comparison will show that the gland is in a more advanced state

than any of those before parturition, and it corresponds|most nearly to

that in fig. 6.
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PLATE 23.

[The drawings were all made at the same magnification by means of a

camera lucida with a y^-in. oil-immersion objective and a No. 2 Zeiss

ocular.]

Fig. 11.—(x about 560.) Transverse section of the mammary out-

growth in the pouch young twenty weeks after birth (i . e . Series 2)

showing the two-layered condition of its wall. The fibrillar cells (/.)

of the conjunctive tissue also show and it will be seen there is no
membrana propria.

Fig. 12.— ( x about 560.) Transverse section of part of one of the main
ducts in the teat while the gland is at rest (i. e. Series 3). The wall is

composed of a stratified epithelium four or five cells thick, and a

coagulum (c.) is present in the lumen.

Fig. 13.— ( X about 560.) Transverse section of two tubules of the rest-

ing adult mammary gland (i. e. Series 3). The wall is characteristically

two-layered
;
a coagulum (c.) is present in the lumen. The fibrillar cells

(/.) do not form a membrana propria.

Fig. 14.—

(

X about 560.) Transverse section of a tubule of gland

during growth, when ovulation was not followed by pregnancy (i . e

.

Series 28). Solid bud-like outgrowths are present in, one of which a

mitotic figure (m.) is shown.

Fig. 15.—(x about 560.) Transverse section of two tubules at the

stage of maximum growth activity (i.e. Series 9). Several stages of

mitoses (m

)

can be recognised and the coagulum (c) is present.

Fig. 16.— ( X about 560.) Transverse section of a fully formed alveolus

some time after the attachment of the embryo to the uterus (i.e. Series

16). The wall is single-layered and no membrana propria is present.

Fig. 17.—(x about 560.) Transverse section of an alveolus at the

commencement of milk secretion (i.e. Series 21). The cells are

granular, and a fat-globule (o.) is present in one of them. The lumen

contains milk (m.c.)

Fig. 18.—(x about 560.) Transverse section of a corner between

three alveoli when the gland is fully active and its lumen distended with

milk (i.e. Series 25). This shows the enormous increase in the size of

the alveoli. Enclosed between the single-layered alveolar walls
(w .) are

several fibrillar cells (/.), which are now approximated to the alveoli. An
enormous quantity of milk coagulum (m. c.) is present. The cells are

granular and contain fat globules (o.).
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Two abnormal Plutei of Echinus, and the light

which they throw on the Factors in the
normal development of Echinus.

By

Prof. E. W. UlacBiide, D.Sc., LL.D., F.R.S.,

Chief Assistant in the Department of Zoology, Imperial College of

Science and Technology, London.

With Plate 24 and 2 Text-figures.

The present paper deals with, two remarkable larvae, the

first a larva of Echinus mi liar is obtained in a culture

reared from eggs fertilised in the Zoological Laboratory of

the Imperial College of Science and Technology, and the

second a larva of Echinus esculentus obtained in a culture

of eggs fertilised in the Laboratory of the Marine Biological

Station at Plymouth. The second and more interesting

specimen I owe to the kindness of Mr. de Morgan, by whom
the culture in which it appeared was instituted.

I shall first deal with the larva of Echinus miliar is.

The sea-urchin from which the eggs were obtained was sent

alive from Plymouth to London. Here the eggs were

fertilised with sperm from another individual, which also

came from Plymouth, and the resulting larvae were transferred

to half-gallon jars of green bottle-glass containing sterilised

sea-water to which a culture of the diatom Nitschia had been

added. The jars were placed in a sink into which water was
constantly dropping from a tap and they were covered in.

Here the larvae developed for some weeks until a six-armed

VOL. 57, PART 2. NEW SERIES. 18



236 E. W. MACBRIDE.

pluteus was formed, and then a certain number were

transferred to an eight-gallon jar fitted with a plunger

containing similar sterilised sea-water to which a mixture of

Nitschia and Pleurococcus cultures was added. This jar was

also covered in, and the cover as well as three fourths of the

periphery were sheathed in black paper in order to protect

the larvae from the baneful effects of too much light. In this

jar the abnormal larva first to be described was found, and in

the same jar a week or two later thirty or forty fully

metamorphosed echini were found creeping about. To the

best of my knowledge this is the first time that the eggs of

a sea-urchin have been reared through the whole of their

development until the completion of the metamorphosis in an

inland laboratory.1 It is to be noted that whilst the sea-

urchins came from Plymouth, on the English Channel, the sea-

water came from Lowestoft, on the North Sea. The water was

purified by shaking it with animal charcoal, which was

allowed to settle; then the supernatant liquid was decanted

off and passed under pressure through a Berkfeld filter. In

this way the water was cleansed from all bacteria, and also

from all soluble organic toxins, and when in this purified

condition it received the culture of diatoms which is to

serve as food for the larvae.

It will be noted that the method employed for rearing the

larvae is a combination of the one used by me in Plymouth

in 1898 and 1899 (5), and the one recommended by Dr.

Allen (1) ;
I take this opportunity of expressing my in-

debtedness to Dr. Allen for his assistance and advice in the

matter of fitting up the salt-water aquaria in the Imperial

College.

Dr. Allen keeps the larvae in the half-gallon jars until they

1 Since wilting this sentence I have learned, through a letter of Prof.

Stanley Gardiner to ‘Nature’ (July 27tli, 1911), that a single hybrid

between the species Echinus miliaris and Echinus esculentus

had been reared through its entire development in the Zoological

Laboratory of the University of Cambridge a week or two before my
specimens had completed their development.
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have completed their development. I find that in these jars

they develop very well until the so-called “ echinusHrudimeiit ,?

has attained a large size, and then degeneration in many

cases sets in. The ectoderm of the larval arms becomes

retracted and gradually devoured by phagocytes, then the.

Ci echinus-rudiment ”
itself is attacked; the larva sinks to the

bottom aud drags out an invalid existence for a week or two

as a helpless cripple, consisting of merely the trunk and the

larval alimentary canal. The cause of degeneration is some-

how connected with the too luxuriant growth of the diatom

in a confined space.

On the other hand, the method which I employed in 1899 is

very laborious, inasmuch as it requires constant removal of

the bottom layer of the water in the culture jar, and its

replacement by clean sea-water taken from a long distance

off from the shore, and it is impossible to apply in an inland

station. If, however, the larvas are brought on in the half-

gallon jars till all the larval arms are fully formed, and then

transferred to the eight-gallon jar with the pluuger, in which

a culture of diatoms has been placed some time previously,

then the happiest results are obtained. It is to be noted

that if insufficient food be present in the large jar, the larval

arms become fully developed and very long, but the “ echinus-

rudiment ” remains in an iufantile condition, showing that

the pathological absorption of the larval arms which occurs

so frequently in the half-gallon jars is not due to want of

food, but to toxic conditions connected with want of space.

The abnormal larva shown in fig. 1 is normal in every

respect save that of the echinus-rudiment. The eight arms
pertaining to the fully.-developed Echinopluteus larva are all

present aud long and equally developed. The larva is

represented as seen from the dorsal surface, and one can see

the long antero-lateral arms (a.Z.), and behind them the

praeoral arms bending forward above the mouth (pr.o.). At
the sides of the larva are seen the postero-dorsal arms (p.d.),

whilst behind all tower up the aual or post-oral arms (p.o.).

The whole course of the ciliated band can be seen. Below it
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on eacli side of the larva are the two ciliated epaulettes,

which at one time formed part of the band, but which have

become completely separated from it, and serve as main loco-

motor organs for the larva in this stage of its development.

One on each side, the dorsal, is situated in front of the postero-

dorsal arm, and one, the ventral, is behind the post-oral arm.

Between them the ciliated band dips down in a deep loop.

Within the curve of this loop is the “ echinus-rudiment” on

the left side, consisting of the hydroccele, which appears as

a flattened, thick-walled vesicle, with an almost virtual lumen

and an ectodermic invagination—the amniotic cavity, the

inner end of which is pressed against the hydroccele. The ab-

normality of the larva consists in the fact that a

precisely similar “echinus-rudiment” is situated

on the right side, where in the normal larva at this stage

one would expect to find nothing of the sort. Through the

transparent dorsal integument the larval oesophagus and

stomach can be seen. Both are perfectly normal. At the

sides of the oesophagus can be seen the thickenings which

carry the two halves of the adoral band of cilia (ad., i).

External to this thickened band on each side can be seen

the outline of the anterior coelom
(
l.a.c ., r.a.c.). Near the

middle line above the stomach can be seen a small circular

pore
(
m.jp .). This is the primary madreporic pore.

Now when treating of the normal development of Echinus

I have shown (5) that after the coelom has been separated

from the archenteron it divides into right and left sacs, and

that the left sac acquires a communication with the exterior

by the formation of a vertical canal, the pore-canal, which

fuses with an ectodermic invagination. Subsequently each

sac divides into anterior and posterior portions and the pore-

canal communicates with the hinder part of the anterior

portion of the coelom on the leftside. The anterior coelomic

sacs apply themselves to the larval oesophagus, to which they

supply muscles, whilst the posterior sacs come to lie at the

sides of the stomach. From the liindermost portion of the

left anterior sac a vesicle is partially constricted off; this is
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the hydrocoele or rudiment of the wa ter-vascular system of

the adult. The persistent neck uniting it with the rest of the

left anterior coelom becomes the stone-canal. From the

hinder end of the right anterior coelom a solid cellular out-

growth is formed, which becomes hollowed out into a vesicle

and comes to lie at the right of the madreporic pore. This is

the so-called “dorsal sac ” or “madreporic vesicle/’

which I regard as a rudimentary antitnere of the hydrocoele

on the right side. I have shown that in Aster ina gib-

bosa (4) and in Ophiothrix fragilis (6) it may occasion-

ally take on the form of a hoop with live lobes, thus copying

Text-fig. 1.

Five diagrams showing the changes undergone by the ccelomic
sacs of the Echinopluteus larva, st. c. Stone-canal, liy. Left
hydrocoele. m.v. Madreporic vesicle or right hydrocoele.

the embryonic form assumed in these genera by the left

permanent hydrocoele. The changes undergone by the coelom

in the normal larva of Echinus are shown in Text-fig. 1,

reproduced from my paper on the subject referred to above

(
5 ).

Now, in the living larva and in whole mounts of larvae*

preserved in strong formalin, it is perfectly easy to see this

madreporic vesicle lying at the side of the madreporic pore;

but in the abnormal larva which we are considering no trace

of such a structure was to be seen. We conclude, therefore,

that in this individual the madreporic vesicle has taken on the

same form as the normal left hydrocoele, and is therefore

represented by the hydrocoele to be seen on the right side
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of the stomach in fig. 1. For such a larva the term “enan-
tio m or ph ous ” has been suggested. I have described

enantiomorphous larvae of Asterina gibbosa and of

Ophiothrix fragilis, but this is the first time that such a

larva has been recorded in the case of a species of Echinoid.

This larva, then, affords a proof—if proof were needed—that

the view which I put forward as to the homology of the

madreporic vesicle or dorsal sac is correct. If, then, the larva

in the three groups of the Asteroidea, Ophiuroidea and
Echinoidea carries a vestigial right antimere of the hydrocoele,

it is a fair conclusion that in the free-swimming ancestor of the

Echinodermata the hydrocoele was a paired structure. But

the double hydrocoele, equally developed on each side, was lost

as soon as the free-swimming habit was given up and the fixed

stage had been attained, for it was almost certainly due to the

atrophy of the right hydrocoele that the left hydrocoele, from

being a hoop, became a ring. Now we have no reason whatever

to believe that the primitive bilateral ancestor of Echiuo-

dermata possessed an amniotic cavity; this is a peculiarity

of Echinoidea, for in both Asteroidea and Ophiuroidea

the skin covering the hydrocoele is flush with the general

surface of the body, and this is obviously a more primitive

condition than to have an amnion. The interest, therefore, in

our abnormal larva deepens, for though the double hydrocoele

is an ancestral atavistic feature, the double amniotic cavity

cannot possibly be. Now if we had not such larvae as the

one which we are considering to guide us and if we were

endeavouring to unravel the factors in normal development,

we should note the fact that the hydrocoele is formed before

a trace of the amniotic cavity is visible. We should

therefore conclude either that the amnion is due to an

influence on the ectoderm emanating from the hydrocoele, or

that there is a spot in the ectoderm predestined to form the

amnion, though we cannot distinguish it from other spots with

the naked eye. Our larva, however, leads us to decide in

favour of the first of these two alternatives, and we are thus

led to the conclusion that the formation of the ectodermic
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cavity, known as the amnion, is the result of a stimulus

acting on the ectoderm and emanating from the hydroccele,

and that the whole ectoderm of the larva is so organised that

any part of it can form an amniotic cavity if the appropriate

stimulus reaches it. Only in this way can we account for the

formation of an amniotic cavity on the right side. The larva

was cut into transverse sections, after being drawn, as shown

in fig. 1 ;
unfortunately the method of preservation (strong*

formalin followed by strong alcohol) yielded such unsatis-

factory results that nothing was learnt beyond what could

be made out from the whole amount. I have come to the

regretful conclusion that for delicate larvae like Echino-

plutei no other reagent is available save osmic acid

followed by Muller’s fluid, which occasions brittleness, but

gives thoroughly satisfactory results as regards histology.

We now turn to the second larva described in this paper.

This is a larva of Echinus esculentus, fifty-five days old,

which was preserved in alcohol. After making the two

drawings of it, represented in figs. 3 and 4, I was attempt-

ing to detach it from the slide for the purpose of having it

cut into sections when it was accidentally lost. While

regretting the accident, I consider it quite certain, from my
experience with the other larva, that the preservation was

too poor for any additional information to have been gleaned

from sections. Eig. 2 represents a posterior view of this

larva when it was thirty-five days old. This drawing was

made from the living specimen by Mr. de Morgan, and my
best thanks are due to him for his permission to use this

sketch in illustrating my paper. The larva is normal in

every way except for the presence of two “ echinus rudi-

ments,” seen as dark lobed masses, one situated at each side

of the alimentary canal. The alimentary canal is also dark-

coloured, owing to the fact that it is crammed with Nitschia.

The “ echinus-rudiment ” lying on the left side of the larva

(
ech .), that is, on the right side of the figure, is larger than

the other abnormal one (ech., 1

)
which is situated on the right

side of the larva, and consequently on the left side of the
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figure. The praeoral (pr.o.), antero-lateral
(
a.l . ), postero-

dorsal (p.d.), and post-oral arms
(
p.o .) are seen to be perfectly

normal, except that, as frequently happens with larvae that

are reared throughout their whole larval existence in half-

gallon jars, they are somewhat shorter than usual. The two

ventral ciliated epaulettes have met in the mid-ventral line

above the anus, and behind and partly obscured by them

are seen the dorsal epaulettes. Above the united ventral

epaulettes can be seen the mid-ventral portion of the ciliated

band, whilst below them can be seen the right and left

posterior ciliated epaulettes, which are characteristic

of the larva of Echinus esculen tus, and serve to distinguish

it from the larva of Echin us miliar is, whilst at the posterior

pole of the larva can be seen one of the three pedicellariae

(joed.), which appear before the larval phase has been passed

through. The other two are situated on the right side of the

larva, and one of these (ped.1
) can also be seen. Although

partly obscured by the mid-ventral portion of the ciliated band,

the larval mouth (st.) can be seen. It is obvious that the

larva before us represents what the larva of Echinus
miliaris, which has been just described, would have grown

to had it been permitted to live. The difference between the

two (apart from the specific differences between the larvae of

Echinus miliaris and Echinus esculentus) consists

merely in the greater growth of the “ echinus-rudiments” in

the case of the second larva. When this larva came into my
hands it had attained the age of fifty-five days ;

the larval arms

were being absorbed, and the roofs of the amniotic cavities

had also been absorbed, so that the tube-feet on either side

were exposed
;
in a word, the larva had attained the stage

where, if it had been a normal larva, it would have meta-

morphosed into a young sea-urchin.

Fig. 3 represents a view of the larva in this stage seen

from the left side. The oral lobe, carrying the praeoral and

antero-lateral arms, is seen above, and beneath the praeoral

arms the larval mouth and the oesophagus with the adoral

ciliated bands can be seen. Below the oral lobe the body of
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the larva takes on a discoid form; this disc is the oral disc

of the young Echinus formed out of the floor of the

amniotic cavity. The ciliated band of the larva is seen to

make a wide sweep round it, which is merely the enlarged

re-entrant loop, which, in an undeveloped state, was noted in

the larva of Echinus miliar is. On this loop can be seen

the reduced stumps of the postero-dorsal post-oral arms.

Outside it can be seen the dorsal
(
d.ep .), and ventral

(
v.ep .),

and posterior ciliated epaulettes (p.ep.). The ventral ciliated

epaulette is bent on itself in the shape of a U
;

this is

almost certainly a result of the contraction caused by the

preservative (spirit) used. Turning our attention now to

the disc of the “ Echinus-rudiment,” we notice the five

primary unpaired tube-feet (pod.). Each is flanked by a pair

of smaller tube-feet (pod. 1
) ;

these are the first paired tube-feet

and eventually become the oral or gustatory tube-feet of the

adult, whereas the primary tube-foot is destined to degene-

rate into the insignificant knob in which the radial canal

terminates. In the centre of the disc of each primary tube-

foot is a pointed sense-organ, consisting of elongated

ectoderm cells. In the intervals or inter-radii which

intervene between adjacent primary tube-feet there are

groups of spines—four in each inter-radius constructed on

the same model as the spines of the adult; in fact they are

the first adult spines. Each consists of a shaft supported

by a fenestrated calcareous rod, attached to a boss by a

thick collar consisting of radiating muscles. All the calcareous

matter had been dissolved away when the larva reached me,

but the calcigenous cells (calc.) can be seen through the

transparent ectoderm. It will be noticed that the four spines

are arranged in the form of a lozenge in each inter-radius.

Withiu the circle formed by the tube-feet and the spines a

circular band is to be seen; this is the n erve-ri n g of the adult

shining through (nerv.). Within this again a pentagonal

figure, subdivided into five secondary pentagons, is situated.

These I interpret as the five dental pockets which together

constitute Aristotle’s lantern, and within these the adult
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oesophagus and mouth (m.) can be made out. All the

structures which I have just described can be seen in a normal
larva of this age when viewed from the left side, but the

peculiarity of the larva under discussion is this : that when, as

is represented in fig. 4, it is viewed from the right side, an

almost precisely similar set of structures can be seen. It

is, of course, not quite easy to get the larva to lie flat

on either side, and as a matter of fact in fig. 3 it is

tilted so that the ventral surface of the oral lobe is half

turned towards the observer, and we see into the larval mouth

(st .), whereas in fig. 4 the dorsal surface of the oral lobe is

presented to our view, and the larval oesophagus is seen

glimmering through it. The same arrangement of spines and

tube-feet can be seen on the right side as on the left, and

within them a circle representing a second nerve-ring; within

this a pentagon representing a second but rather smaller

Aristotle’s lantern
;
and finally within this a second adult

oesophagus and mouth. The only differences between the left

and the right discs which I could detect was the smaller

radius of the nerve-ring, and the smaller size of the contained

Aristotle’s lantern on the right side.

Now we have already concluded from the study of the

abnormal larva of Echinus miliaris that whereas the

appearance of a second hydrocoele is probably a reminiscence

of a state of affairs which obtained in the free-swimming

ancestor of all Echinoderms, the appearance of a second

amniotic cavity could not be interpreted in that sense. It is

still clearer that the appearance of the peculiar spines of the

adult Echinoid on the right side cannot be an atavistic

feature, and still less the appearance of a second Aristotle’s

lantern and second “ adult oesophagus.”

In order to show what relationship to each other the

various structures sustain which together make up the

complex known as the “ echinus-rudiment,” I reproduce

here a text-figure from my paper (5) on the development

of echinus esculentus.

From these diagrams we see that the amniotic cavity
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deepens and becomes completely closed off from the exterior;

the hydrocoele becomes five-lobed (only two of these lobes are

represented as cut by the sections), the free ends of these lobes

grow and protrude into the amniotic cavity, and in this way

the unpaired tube-feet are formed. Between two adjacent

tube-feet an ectodermic fold is developed from the floor of

the amniotic cavity; this is the epineural fold. Its crest

sends out two flaps which meet those of the other epineural

folds, and thus the original floor. of the amniotic cavity is

completely covered in by a new fold which forms a new floor

at a higher level, and eventually forms the free surface of the

ventral part of the young sea-urchin.

The Avail of the left posterior coelom of the larva, Avhich

impinges on the inner side of the hydrocoele, now begins

to undergo changes. Opposite the base of each epineural

fold, an evagination of the coelom is formed. This is the

rudiment of one of the five tooth -pockets or dental sacs,

which together form Aristotle’s lantern. The evagination

is cut off from the rest of the coelom. Then its external

Avail becomes thickened and projects into its cavity. This

projection is the rudiment of the tooth. From the sides

of the tooth-socket canals are given off which insinuate

themselves between the lobe of the hydrocoele and the

original floor of the amniotic cavity, now roofed over by the epi-

neural false floor. These canals are the radial perihaemal

canals, and the portion of the original floor of the amniotic

cavity lying above them becomes conArerted into the radial

n er ve-cord of the adult. It will thus be seen that the groAvth

of the “ Echinus-rudiment ”
is an extremely complex process,

involving not only the hydrocoele and the ectoderm above it,

but also the external wall of the left posterior coelom, and

finally, when the adult oesophagus is formed, the external

wall of the larval stomach also. The calcigenous tissue Avliich

fills the interior of the spines Avhich are placed in the intervals

or inter-radii between the impaired tube-feet is mesenchyme
budded from the Avail of the left posterior coelom, Avhilst the

external covering of the spines is, of course, ectoderm from the
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floor of the amniotic cavity. Now, when we consider that an
“ echinus-rudiment ” has been formed on the right side of

our larva, almost precisely similar to that which is normally

formed on the left side, and which is typically developed in

our larva, we are driven to the conclusion that not only is

the ectoderm on the right side of the larva capable of forming

an amniotic invagination—a conclusion which we had already

reached from the consideration of the other larva—but that

the right posterior coelom is capable equally with the left

of budding off calcigenous mesenchyme, and of giving rise to

evaginations which form dental pockets, and thnt the right

side of the stomach equally with the left is capable of giving

rise to a protrusion forming an adult oesophagus.

Under ordinary circumstances none of the tissues of

the right side of the larva undergo this development,

and the reason that they do so in this case must be due

to some kind of influence emanating from the abnormally

developed right hydroccele. If, then, the appearance of a right

hydrocoelic vesicle can so totally change the development of

tissues which normally would have had quite a different

fate, it is reasonable to conclude that the development of

organs on the left side of the larva is due to a similar

influence radiating from the left hydroccele. The final con-

clusion to which we are led is, therefore, that the larva con-

sists of sheets of uniform tissues, and that particular areas of

these sheets are acted on by localised stimuli so as to be

transformed into adult organs; or putting the conclusion in

another way, the particular course that development takes

in an Echinoderm larva, is only one out of many possibilities,

and by no means exhausts the potencies of the embryonic

layers, and there is a certain rude analogy between the

maintenance of a race by the preservation of a few indivi-

duals out of many born, and the development of an individual

through the realisation of a few of the many potencies of the

embryo. As mentioned above, I have found enantiomorphous

larvae in the case of Asterina gibbosa. In one of these,

development has proceeded so far that not only do the lobes
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of both hydrocoeles project freely as tube-feet, but on the right

side as well as on the left evaginations of the external

coelomic wall are formed, which give rise to perihaemal

pockets. Therefore here, too, under the stimulus of an

abnormally developed right hydroccele, the right posterior

coelom has acquired powers of which, under ordinary circum-

stances it appears to be totally destitute. Now the perihaemal

pockets of an Asteroid are homologous with the dental pockets

of an Echinoid, but in an Asteroid these pockets never form

teeth in their interior, but give rise to the so-called external

perihaemal ring. If we regard Echinoids as developed from

Asteroids, as in my paper on Echinus esculentus (5) I

have given reason for doing, then the evolution of an Echinoid

from an Asteroid must have consisted to a large extent of an

alteration in the chemical constitution of the embryonic

tissues, so that these have come to react differently to the

stimulus exerted on them by the hydrocoele. No doubt the

hydrocoele itself has been also altered, so that the stimulus

emanating from it is different in the two cases.

Now a general review of the structure of the simplest and

oldest stalked Echinodermata known has led Bather (2) to the

view that the body of an Echinoderm was not at first

dominated by radial symmetry, but only became so secondarily

when the appendages of the hydrocoele had attained a radially

symmetrical arrangement. The early palaeontological history

of free Echinoderms (Eleutherozoa) is still unknown, but

there is no reason to believe that it differed in this respect

from that of fixed Echinoderms (Pelmatozoa) . We thus

arrive at the interesting conclusion that the influence of the

hydrocoele on the other tissues, which, in the development of

the race, has led to the formation of the beautifully symmetrical

Crinoid out of the somewhat shapeless sac-like primitive

Pelmatozoon, plays an equally important part in the fashioning

of the individual out of the undifferentiated embryonic tissues.

Driesch (3) ,
as is well known, attributes the regulation of indivi-

dual development to an indwelling “entelechy,” a rudimentary
“ knowing and willing,” which, out of the materials presented
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to it, builds up an individual. We can only remark that if

this be the case our second larva is an instance where the

entelechy lias been deceived, and has been led to construct a

creature which could not possibly have survived.

Millport, Scotland,

July 17th, 1911.
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EXPLANATION OF PLATE 24,

Illustrating Prof. E. W. MacBride’s paper on <f Two Abnormal

Plutei of Echinus.”

Key-list of Abbreviations used in Illustration of the
Figures.

Ad. Adoral band of cilia. a.l. Antero-lateral ciliated arm. am.

Amniotic cavity, am} Amniotic cavity abnormally developed on the

light side of the larva, calc. Calcigenous cells in the interior of the

adult spines. d.ep. Dorsal ciliated epaulette. ech. “ Echinus-rudi-

ment” on the left side of the larva. ech

}

“ Echinus - rudiment ”

abnormally developed on the right side of the larva. l.a.c. Left

anterior coelom of the larva, l.hy. Left hydroccele. m. Adult mouth.

mp. Madreporic pore. nerv. Adult nerve-ring. p.d. Postero-dorsal

ciliated arm. ped. Median dorsal pedicellaria. ped

}

Lateral pedi-
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cellaria. p.ep. Posterior ciliated epaulette, p.o. Post-oral ciliated

arm. pod. Unpaired tube-foot, pod. 1 Paired tube-feet. pr.o. Praeoral

ciliated arm. r.a.c. Right anterior coelom, r.hy. Right hydrocele.

sp. Adult spines, st. Stomodseum, i.e. larval month, v.ep. Ventral

ciliated epaulette.

Fig. 1.—An abnormal pluteus of Echinus miliaria viewed from

the dorsal surface and magnified 110 diameters. Am., am 1 Left and

right amniotic cavities, m.p. Madreporic pore.

Fig. 2.—An abnormal pluteus of Echinus esculentus viewed from

the ventral surface. Drawn from life by Mr. de Morgan and magnified

110 diameters. Ech., ech. 1 The two “echinus-rudiments.” p.ep. The
posterior ciliated epaulette characteristic of Echinus esculentus.

st. Larval mouth.

Fig. 3.—The same pluteus as that represented in fig. 2 at a later

stage of development, viewed from the left side and magnified 110

diameters, m. Adult mouth in the centre of Aristotle’s lantern, new.

Nerve-ring. p.d. and p.o. Disappearing remnants of postero-dorsal and

post-oral ciliated arms. sp. Adult spines.

Fig. 4.—The same pluteus as that represented in fig. 3 at the same

stage of development viewed from the right side
;
magnification 110

diameters. Ad. Adoral ciliated band shimmering through, m. Second

adult mouth, new. Second adult nerve-ring. pod. Unpaired tube-foot

pod. 1 Paired tube-feet.
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Studies in the Experimental Analysis of Sex.

By

Geoffrey Smith, M.A.,
Fellow of New College, Oxford.

Part 7.—Sexual Changes in the Blood and Liver of

Carcinus maenas.

In the preceding parts of these studies evidence has been

brought forward to show that the adult female organism at

the time of the ripening of the ovary is engaged in elaborating

reserve material, especially of a fatty nature, that this sub-

stance is conveyed in the body-fluids to the ovaiy, and we
have seen reason for associating the presence of this substance

in the circulation with the development of many of the female

secondary sexual characters. It wras especially in connection

with the effect of the parasite Sacculina upon its host

Inachus that the probable importance of this process was

recognised, and the hypothesis was advanced that the under-

lying cause for the assumption of adult female characteristics

by both sexes of infected crabs was the fact -that the

Sacculina forced them to elaborate a fatty or yolk material

similar to that which the normal female crab produces at the

time that the ovary is ripening. Attention was called to the

fact that the roots of the Sacculina actually do elaborate a

yolk material from the blood of the host, similar in appearance

and in staining reactions to the yolk which the adult female

normally stores in its ovary.

VOL. 57, PART 2. NEW SERIES. 19
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At the time when these observations were put forward, I

did not suspect that a means was ready to hand for testing

this hypothesis, and that the French observer Heim (1)

several years ago had observed that the blood of many
female crabs at the time of the ripening of the ovary becomes

charged with a brilliantly coloured yellow or orange lipo-

chrome, which, according to Heim, is entirely absent from

the male. Since lipochrome is invariably associated with

fatty substances, in which it is soluble, it was at once

apparent that Heim’s observation had a very direct bearing

upon our problem; at my suggestion, therefore, Mr. G. C.

Robson undertook to investigate the question in Inachus at

Naples, while parallel observations have been made by

myself on Carcinus msenas at Plymouth.

As far as the course of events in normal uninfected crabs

is concerned, Robson’s observations on Inachus and my own
on Carcinus agree in every particular, but in the crabs

infected with Sacculina the two sets of material yield

different results. As will be seen in the course of this paper,

this difference may be ascribed to the fact that the genei’al

effect of Sacculina on Carcinus is far less marked than it

is on Inachus, so that we might expect the same to be true

of the effect of the parasite upon the blood-properties of its

hosts.

The blood of Carcinus exhibits three chief types of

variation with respect to colour; it may be pale blue, owing

to the presence of haemocyanin, in which case it may be

spoken of as non-pigmented or colourless; it may be of a

salmon-pink colour owing to the presence of the lipochrome,

tetronerythine, which masks the blue colour of the haemo-

cyanin, or it may be yellow owing to the presence of a

different lipochrome, which may be called lutein. The

presence or absence of these substances in the blood follows

certain definite phases of the animal’s existence. The blood

is invariably colourless or practically free from lipochrome

immediately at and after a moult, and also in the case of the

female after the eggs have been shed to the exterior. It
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may remain colourless for some time after these processes,

but gradually as the crab approaches the period of a new

moult or of the formation of a fresh batch of eggs, lipochrome

accumulates in the blood in a manner characteristic for each

sex. In the male sex the pink lipochrome invariably pre-

ponderates, so that the blood of the male is charac-

teristically of a salmon-pink colour
;

in the female sex,

on the other hand, the yellow lipochrome preponderates

very strongly over the pink, and this is most markedly

the case when the female is ripening the ovary and

storing up the lutein in it. Often intermediate orange

colours appear in both sexes, due to an intermixture of the

two pigments, but in the vast majority of cases the blood of

the male is either colourless or pink, that of the female

colourless or yellow. That the appearance of the brilliant

yellow colour in the blood of the female is strictly associated

with the ripening of the ovary has been completely settled

by Robson and myself, and in this respect we agree with

Heim’s observations on a number of other Decapod Crustacea,

but the occurrence of the pink lipochrome in the male sex at

the periods leading up to the moult is no less certain, though

Heim appears to have missed it. And it must be admitted

that at first sight the occurrence of the lipochrome in the

normal male, which, as far as intensity of colour is concerned,

appears to be present in quantities equal to that in the female,

offers a serious difficulty to our hypothesis. For it would

seem to indicate that periodically the male blood is charged

with fatty material to the same extent as the female.

An unexpected light has been thrown upon this difficulty by

a series of quantitative estimations of the fat-content of the

blood of Carcinus maenas which I have recently made.

The method which I have used in making these estimations is

one which is recommended by Professor Leathes in his book

on the fats (2), and my exact mode of procedure is as

follows : About 20 gr. of blood is drawn from a number of

crabs and accurately weighed on a chemical balance into a

porcelain dish. An equal weight of a 130 per cent, solution



254 GEOFFREY SMITH.

of caustic potash is added and the mixture is heated on a

water-bath for about half an hour. About 10 c.c. of alcohol

are added and the heating is continued for another hour. By
this process the proteid material of the blood is largely broken

down and all the fat and lipoid substances are converted into

soap. The saponified mixture is now washed with hot water

into a long-necked flask, and a sufficient quantity of 40 per

cent, sulphuric acid is carefully added until the reaction is

distinctly acid. By this means the fatty acids are liberated

from the soaps. After cooling, 40 c.c. of pure ether petroleum

are added, and the flask, after being stoppered, is shaken for

about an hour. The fatty acids are taken up by the petroleum,

and water is added to the flask until a clear column of

petroleum is obtained in the neck of the flask. Ten or 20 c.c.

of the petroleum is accurately pipetted off and evaporated to

dryness in a weighed beaker. The weight of the residue in the

beaker gives the amount of etlier-soluble substances contained

in the blood, after saponification and liberation of the fatty

acids, and may be taken as giving a fairly accurate estimate

of the amount of fat and lipoid in the original blood. There

are certain experimental sources of error in this method, but

by always taking nearly the same amount of blood and

treating it in the same way, the comparative estimate afforded

for different types of blood is reliable and has given very

constant results, as the subjoined table shows.

The ethereal extract on evaporating to dryness yielded a

golden yellow or orange waxy substance, soluble in alcohol

or ether, as a clear yellow or orange solution. The chemical

nature of the fat and lipoid substances contained in this

material will be the subject of future investigation.

The following1 points, however, which were made out with

the assistance of Dr. Ramsden, are sufficient to indicate the

nature of the substances dealt with. A weak ethereal solution

of the extract from the pink blood gives when examined

spectroscopically an absorption band on the F line of the

spectrum, while the yellow lipochrome in solution gives in a

suitable dilution two bands, one at the F line and another
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at the Gf. If the solutions of either yellow or pink lipoclirome

are too strong, a broad diffuse band is formed cutting* off the

whole of the blue part of the spectrum. These absorption

bands are the same as those found by Haliburton and other

observers for the lutein of the hen’s egg-yolk in the case of

the yellow substance, and of the tetrouerythrin from the

•blood and eggs of Crustacea in the case of the red. The
waxy mixture of fatty acids and lipoclirome, in which a

certain amount of cholesterol may be present, contains a

mixture of fatty acids, part of which is liquid at room tem-

perature, while the melting-point of another portion is rather

above 40° C. The mixture as a whole liquefies between 30°

and 40° C.

The blood for the estimations was collected and pooled

under three categories, non-pig men ted of both sexes,

pink from males and yellow from females, and the amount

of ether- soluble substances present was calculated as a per-

centage on 100 gr. of the original blood. The following table

gives the results of the experiments.

Percentage of etlier-soluble substances in the
blood of Carcinus macnas.

Non-pigmented. Pink. Yellow.

073 per cent.
•087

•099 per cent.
•084

458 percent.
103

035 •059 156
074 •088 •203

034 •07 •373

•086 •093 135
•058 •095 •320

•045 •103 143
•035

•07

•062

Average ’059 per cent. Average '086 per cent. Average *198 per cent.
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This table brings out unmistakably the remarkable result

that the blood containing the yellow lipochrome not only

yields on the average nearly four times as much fatty material

as the colourless blood, but also more than twice as much as

the blood containing the pink lipochrome.

This result was wholly unexpected, as the pink blood used

for the estimation was deeper in colour than the yellow,

owdng to the fact that during September when the estimations

wrere made, the females were only beginning to ripen their

ovaries, so that the blood w7as generally of only a pale

yellow.

There can be no doubt that if a large quantity of deep

yellow blood were subjected to the analysis, a still higher

percentage, up to *5 per cent., would be readily obtained. But

the results as they stand indicate the remarkable fact that

the pink lipochrome stand s for a lower fat-equiva-

lent than the yellow. We are therefore in a position to

say that the blood of the female at the time of the

ripening of the ovary contains at any rate more
than twice as much fatty material as the blood of

the male, even when the latter is mobilising its

fat to the greatest extent.

We have stated that the pink lipochrome is characteristic

of the blood of the male, while the yellow is characteristic of

that of the female. This is roughly true if we confine our-

selves to mere inspection, though an intermediate orange tint

is met with in both males and females. The saponification and

extraction method which we have explained throws a deeper

light into the question of the degree of admixture of the

two lipochromes. It is found that the ether petroleum which

has been shaken up with the treated blood of any of the

three kinds, i.e. non-pigmented, pink or yellow, on evapora-

tion invariably shows the presence of the golden yellow lipo-

chrome, in very small quantities in the non-pigmented blood, in

rather greater quantity in the pink blood, and in much greater

quantity in the yellow blood. From the pink blood a

relatively small amount of pink lipochrome appears in the
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extract. It is clear, therefore, that the pink lipochrome

represents a very small proportion by weight of the fatty

material extracted from the blood, and that for its weight

it has a disproportionately great power of colouring the

blood.

It is also interesting to observe that the presence in small

quantities of the yellow lipochrome can always be detected in

the extract obtained from what was apparently quite colour-

less blood. It is, in fact, impossible, as far as my experience

goes, to obtain blood, however colourless, that does not yield a

small quantity of the yellow lipochrome. This substance is

therefore always present in the blood of both males and

females, though the amount of it varies so greatly at different

phases of the crab’s life, and is enormously increased in the

female at the time of the ripening of the ovary.

The difference that we have established between the two

sexes in the properties of their blood is therefore a quantita-

tive one, and though qualitative differences may lie behind

we have no evidence as yet for their existence. It will,

however, be perceived that the results of these estimations

have resolved our difficulty with regard to the presence of the

lipochrome in the male’s blood, since we have shown that

the presence of this pink lipochrome in the male indicates a

lower fat pontent than the yellow lipochrome of the female.

Some observations may be conveniently made here as to

the fate of these lipochromes and their associated fatty

materials, and their probable function in the organism. In

the case of the female we know that the yellow lipochrome is

taken up by the ovary, which progressively becomes bright

yellow as it reaches maturity, while the lipochrome

coiucidently disappears from the blood. A certain amount of

the pink lipochrome also finds its way into the ovary, but it

represents an unimportant amount of the reserve material as

compared with the yellow. But there is another destination

for the pigments, the sole destination for them in the case of

the male, and that is the integument. As the males and

females pass from the soft green-coloured condition
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immediately after a moult and approach the period when
a new ecdysis may be expected, the chitinous integument

changes from green to yellowish brown or red, especially on

tlie under surface and in the region of the joints. In the

male these changes are particularly striking, especially in

large males, where the skin at the joints of the appendages

becomes bright red. There can be no doubt from the

sequence of events that this red pigment which appears

between the moults at the joints of the male’s limbs is

derived from the pink lipochrome in the blood. As to the

function of the red deposit, it is difficult to speculate
;

it may
be merely in the nature of an excretion to be got rid of

at the ensuing moult, but it is quite possible that it serves as

a sexual ornament, since the brilliant red colour of the under-

side of the male is fully displayed wheu he rears himself in

combat with other males or in approaching an individual of

the opposite sex. The appearance of the lipochrome in the

male’s blood is, however, an index of a greater fat transport,

and it is probable that at the period preceding a moult

reserve material is in requisition for the formation of the new
skin underneath. We can understand to some extent in this

case why the lipochrome, passively accompanying the fat,

should appear as a deposit at the surface of the animal’s

body.

By following the changes in the blood as the various

phases of moulting and reproduction follow one another

throughout the year it has been possible to establish the

conclusions given above. We have now to take a similar

survey of the changes occurring in the so-called liver, the

great metabolic organ of the Crustacean.

There can be no doubt that Heim was correct in supposing

that the liver was the seat of origin of the lipochrome.

Large quantities of fat and lipochrome can always be

abstracted from the liver, and sections of the liver stained

with osmic acid or Sudan III reveal that the greater number

of the liver cells are more, or less crowded with fat-globules,

which form by far the most important part of the reserve
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material in this organ. Now just as the blood varies at

different periods in respect of its fat contents, so the liver

shows marked variation. Sometimes the liver is opaque

white or yellow, and this is a sign that a large quantity of fat

is stored up in the fat-cells. Extraction and estimation of

the quantity of ether-soluble material, after saponification

and treatment by the method giveu above for the blood, has

shown that the liver under these circumstances contains

about 12 per cent, of its total weight of fatty material.

Sometimes, however, the liver is seen to be brown in colour

and transparent ;
in this condition the fat-cells are

comparatively poorly supplied with fat, and certain other

cells, the ferment-cells, are more conspicuous. Analyses of

the liver under these conditions show that the fat contents

has sunk to 6 or even 4 per cent, of the total weight. This

state of fat-exhaustion can be artificially produced by pro-

longed starvation. Fasting for eleven days gave a fat

estimation of 7*38 per cent., for seventeen days 4*46 per

cent.

Now observation has shown that when the liver is com-

paratively free from fat the blood is always colourless, and

couverselv when the blood is charged with lipochrome a large

quantity of fat and lipochrome is present in the liver. It is

not, however, the case that the presence of abundant fat in

the liver is always accompanied by the presence of fat and

lipochrome in the blood, and this is in accordance with

expectation on the supposition that the fat and lipochrome is

first formed and stored in the liver and then as occasion

requires transferred by the blood to the skin or ovary as the

case may be. It has been observed that the liver of the

female at the time of the ripening of the ovary is always rich

in fat and lipochrome, so that we can hardly avoid the

conclusion, so plausible on general grounds, that the seat of

origin of the fat and lipochrome in the blood is the liver.

We now pass on to consider the effect which the parasite

Sacculina exerts upon the properties of the blood and liver

which we have described above. Robson and myself agree
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that tlie presence of Sacculina profoundly influences these

properties, but the effect is different in the case of Inachus
and Care in us, and presents features difficult to interpret in

both.

Robson has made the remarkable discovery that in

Inachus the infected individuals of both sexes show the

presence of lipoclirome in the blood with about the same

frequency as normal females that are maturing their eggs,

i.e. in respect of the proportion of individuals showing

lipochrome in the blood the infected animals of both sexes

are in a category which agrees most closely with the breed-

ing females. Now this observation appears to be a complete

vindication of the theory which I put forward last year, that

the infected individuals would be found to be elaborating a

yolk substance similar to that which the female deposits in

its ovary at maturity. But there is a puzzling feature in

Robson’s discovery, and this is that the lipochrome present in

the infected crabs is always of the pink tint that is usually

associated with the normal individuals soon about to moult,

and not of the yellow colour characteristic of the female. It

must be admitted that this fact is b,oth unexpected and

awkward; it may, however, admit of the following interpre-

tation. The presence of the pink lipochrome at any rate

indicates a higher percentage of fatty material in the blood,

and this is in support of the theory
;
the pink lipochrome is

very probably only masking a considerable amount of the

yellow lipochrome, but why should the pink be there at all ?

Now one of the effects of Sacculina on its host is to prevent

it moulting, after the Sacculina has once come to the

exterior. Consequently the infected crabs are not able to get

rid of the red lipochrome at the moult in the ordinary way,

and we might expect that au accumulation of this substance

would take place in the blood.

Turning to the effect of Sacculina on Carcinus, we find

on the contrary that the blood of infected individuals is

invariably either colourless or else slightly yellow. We
never get any perceptible development of the pink pigment,
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and only very occasionally a moderately intense yellow colora-

tion. It is very tempting to correlate this feeble formation of

lipochrome in the blood of injected Carcinus with the very

slight modification which the infected individuals undergo in

their primary and secondary sexual characters in general, in

comparison with Inachus. As Potts has shown, and I have

repeatedly confirmed, the only effect of the parasite on Car-

cinus is to cause the abdomen of the male to become slightly

broader in a certain percentage of cases ;
we never obtain the

development of female appendages by the male or the full

assumption of the female shape of the abdomen, such as

frequently occurs in Inachus. The effect on the internal

generative glands is also not nearly so Avell marked. The

difference that Robson and I have found in the blood of the

two infected forms, therefore, corresponds very well with the

other features of the modification induced by the parasite in

the two cases.

In the case of the effect of the parasite on the liver, how-

ever, our results agree completely. In both Inachus and

Carcinus the infected crabs of both sexes almost invariably

possess an opaque white or yellow liver in which a very large

quantity of fat can be detected either by micro-chemical

means or else by extraction methods. I have found in

Carcinus that the liver of infected crabs is not only

constantly full of fat but also deeply stained with yellow

lipochrome, and this is the case at all times of year and in

every phase of the infected animal’s life, while the normal

individuals exhibit great variations at different periods in the

fat content of their livers. This, in itself, is an observation

of first-rate importance in the theoretical interpretation of

the effect of Sacculina on its host, since it proves beyond

cavil that at any rate Sacculina does influence the fat

metabolism of its host in a very positive degree. It is

interesting to note also that in the effect on the liver

Carcinus and I nacli us react in the same way to the presence

of the parasite
;
and this may be termed the first reaction to

the parasite. The second reaction, namely the flooding of the
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blood by an excess of fatty substance, only occurs to a con-

siderable extent in the case of Inachus, and accordingly we
find that this crab is influenced in every respect far more

profoundly by the presence of the parasite than is the case in

C a r c i n u s

.

To this point in the analysis of the effect on Sacculiua
on its host we have at present arrived, and though it is

impossible to claim that the explanation is complete, yet we
would crave the reader's indulgence while we remind him of

the steps that have been won in advance of the position

gained by Griard when he discovered the phenomenon of

“parasitic castration." At that time the interpretation

universally put upon the phenomenon was that the parasite

caused the atrophy of the internal reproductive organs, and

in consequence the secondary sexual characters of both sexes

underwent correlative alterations, the male being assimilated

to the female, and the female to the male.

The first step in advance of this interpretation was gained

by showing that the alteration was always in the female

direction, the female individuals never assuming any male

characters under the influence of the parasite, whereas the

male is frequently so highly modified towards the adult

female state, both externally and internally, as to be easily

mistaken for a true female. The next step was to show that

not only was the male altered into the female condition, but

also the young females themselves were forced under the

influence of the parasite to assume prematurely the adult

female characters.

The whole reaction, therefore, so far from being a

passive result of the destruction of the gonad, was found

to be an active assumption in both sexes of adult female

characters, despite the entire absence of a functional ovary.

A further step was gained by seeking in the internal con-

dition of the animal's metabolism for the cause of these

changes. It was clear that the old and familiar idea of an

internal secretion produced by the gonad being the

stimulus for the development of the secondary sexual
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characters could not be applied here, since at the time that

the alterations in the secondary sexual characters take

place no ovary is present to give rise to the required

stimulus. It was suggested, therefore, that in some way the

stimulus must reside in the roots of the Sacculina, and it

was observed that these roots were in process of elaborating

from the blood of the host a pigmented yolk material,

similar in every respect to the yolk which is stored in the

ovary of a normal female crab at maturity. This clue

formed the basis of the idea that the Sacculina roots, by

continually abstracting the yolk material from the blood of

the host, stimulated its constant production in excess, and

that the presence of this material circulating in the body-

fluids was the stimulus for the development of the female

characters. An analogy was therefore drawn between this

reaction and the reaction of warm-blooded animals to

bacterial infections, and the phenomenon of parasitic castra-

tion was seen to approach the category of an immunity

phenomenon. Mr. Robson and I have now attempted to

follow more closely these internal changes in the fat-meta-

bolism of the host, and a further step has been gained. We
have shown that the blood of normal crabs does undergo

periodic changes according to the sex of the animal, and

that the blood of the female, at the time of the ripening of

the eggs, is actually flooded by an excess of fatty material,

which can be estimated quantitatively. Robson has found

that in Inachus, where the parasitic affection is most

complete, the blood of the infected individuals similarly is

charged with fat material more constantly than is the case

under normal conditions, while both in Carcihus and

Inachus the infected individuals show a constant and

excessive formation of fat in the liver.

It may therefore fairly be claimed that, though many
points in our interpretation of the phenomenon may be lack-

ing, yet on the whole the attempt to reduce the observed

changes to an alteration in the condition of fat-metabolism

has met with success, and that whereas formerly the
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phenomenon of “ parasitic castration” was merely an un-

accountable curiosity, it now falls into place with other facts

of female sexual organisation, and is to a great extent

intelligible.

Summary.

(1) The blood of Carcinus maenas exhibits three chief

conditions—colourless, pink, and yellow—the pink and yellow

colour being due to the two lipochrome pigments, tetron-

erythrin and lutein. The pink colour appears in individuals,

especially in males, which are approaching the period of a

moult, the yellow is characteristic of the female when the

ovary is approaching maturity.

(2) An estimation of the fat content of the blood, by

means of saponification and extraction of the fatty acids,

gives the following average numbers: for colourless blood

*059 per cent., for pink blood ot‘ males *086 per cent., for

yellow blood of females *198 per cent. Thus the breeding

females are shown to possess an excess of fatty material in

the blood, and the yellow lipochrome is seen to represent a

higher fat value than the pink.

(3) Beside the blood, the “ liver
”

also exhibits periodic

variations in the amount of fat present, fat being sometimes

present as 12 per cent, of the total weight, sometimes as low

as 4 per cent. The females maturing their ovary and having

yellow blood always have a large proportion of fat in the

liver.

(4) Crabs of both sexes infected with Sacculina also

always show a large supply of fat in the “ liver.” In the

case of Carcinus the blood of infected individuals is either

colourless or pale yellow, but in the case of Inachus the

blood becomes charged with lipochrome, as the result of

infection, though this lipochrome always shows the presence

of the pink colour as well as the yellow.

(5) The difference in reaction of the blood in the two

cases is explained as consistent with the small effect which
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Sacculina exerts on all the characters of Carcinus com-

pared with its effects on Inachus.

(6) The investigation shows that Sacculina exerts a

marked influence on the fat-metabolism of the host, and the

results are on the whole consistent with the view that

Sacculina influences the host to assume the female charac-

ters by acting the same part in the fat-metabolism as the

ripening ovary does in a normal female.
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I. Introduction.

The observations recorded in this paper were carried out

in order to test a theory put forward by Geoffrey Smith

(1), to explain the effect of the Rhizoceplialan parasite

Sacculina neglecta upon the sexual physiology of its host,

the spider-crab, Inachus mauritanicus.
The effect of the Sacculina (2), stated briefly, is to cause

the atrophy, partial or complete, of the generative organs, and

to influence the external secondary sexual characters in such

a way that the male tends to assume all the characters of the

mature female
;
while immature females prematurely acquire

the adult characters of that sex.

The theory suggested to account for this phenomenon was,

that the Sacculina forced its host to elaborate a yolk-forming

substance similar to that formed in a normal adult female

VOL. 57, PART 2. NEW SERIES. 20
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and stored in the ovary at sexual maturity, and that the

presence of this substance circulating in the blood acted

as a stimulus for the production of the secondary sexual

characters.

The chief evidence upon which this theory was founded

was that the roots of the Sacculina can be seen taking

up from the blood of the crab a fatty pigmented yolk

material of the same micro-chemical nature as that which is

normally deposited in the ovary of the mature female crab.

Mr. Smith adduced no evidence at the time to define the

origin of this substance, but the chance perusal by him

of a paper by Heim (3) on the blood of Decapod

Crustacea suggested a means of procuring such evidence.

Heim had observed that the freshly drawn blood of certain

Decapoda (Maia, Homarus, Portunus and Astacus), is

periodically charged with a pink or a yellow colouring

matter (lipochrome). He came to the conclusion that this

colouring matter is present only in the blood of the female,

at the time when the ovary is maturing. He suggests that

the lipochrome is formed in the liver and transferred thence

by the blood to the ovary. Since lipochromes in general are

soluble in fatty substances and are invariably found associated

with them, it is obvious that Heim’s observations have an

important bearing upon the theory recapitulated above. It

shows that at the period of sexual maturity in the female there

is circulating in the blood a fatty material which is prob-

ably transferred thence to the ovary. It seemed to suggest

that if the theory as to the effect of the Sacculina were true,

we might possibly find such a lipochrome in the blood of

sacculinised crabs of both sexes. The evidence I have

collected as a result of these investigations, on the whole,

seems to support Mr. Smith’s theory, though the occurrence

of the lipochrome in Inachus does not follow the simple and

diagrammatic rule laid down by Heim for the animals upon

which he worked.

The subject was suggested to me by Mr. Smith, and

I wish to take this opportunity of expressing my gratitude
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and indebtedness to him for his continued advice and

criticism both as to practical methods and theoretical

interpretation. The work was done during my tenure of the

Oxford University Biological Scholarship at the Zoological

Station at Naples, from November to May, 1910-1911.

My thanks are due to the staff of that institution (and in

particular to Dr. Paul Mayer and Dr. Cerruti), for the ready

way in which material was procured and my work facilitated.

Lastly, I must thank the Trustees of the British Museum

for leave of absence from my official duties.

II. The Effect of Sacculina upon the Lipochrome and

Fat Supply of Inachus.

The blood of Inachus will be found according to my
experience to be colourless or to exhibit one of two tints—

a

pink and a yellow. The latter are represented each in various

degrees of intensity, and often seem to pass insensibly into

each other
;
the ultimate terms, however, of such a series

are strongly characterised and clearly distinguishable.

It will be convenient for the present to regard these two pig-

ments as a single body—a lipochrome; for, whatever differences

may exist between them they both exhibit a characteristic pro-

perty of lipochromes, namely, solubility in fat or fatty

substances, and for our immediate purposes this is their most

important feature. By reason, then, of this solubility in fat

we may regard lipochrome as a clue to the presence of fat in

a given medium. The medium, in this present case, is the

blood of Inachus, and, according as lipochrome is present, I

consider fat to be similarly present. I must leave the

converse of this open for the present—namely, whether fat

is absent when lipochrome is likewise absent.

This pigment is not a constant characteristic of the blood of

Inachus. The following table gives in percentages the

number of normal and sacculinised animals of both sexes



270 GUY C. ROBSON.

which exhibited lipochrome in either condition in the blood,

during the months December-April, 1910-1911 :

Table I.

December

Normal <J

per cent.

22

Number of
observations.

58

Normal $
per cent.

20

Number of
observations.

50

January 24 158 25 127

February 26 116 68 122

March 17 189 68 186

April 5 97 62 181

December
Infected <3 .

30 10

Infected $

.

66 9

January 46 30 69 33

February 50 24 70 37

March 47 17 61 31

April 23 17 42 19

We observe that the percentage increases in the normal

female from a figure about the same as that of the normal

male to one about twelve times as large, month for month

;

and we observe that in the infected crabs the figures are

considerably higher for male and female alike than in the

case of the normal animals, e.g. in January those for the

infected males are about twice as great as those of the normal

male, and those for the infected females are over two and a

half times as great as those of the normal females. Finally,

the figures for the normal male decrease from their maximum
(in February) to the low amount of 5 per cent.

Now the winter months in the Gulf of Naples constitute the

season for the active moulting of the young crabs. In those

months we find, in crabs about to moult, not only the blood, but

also the skin of the carapace and joints deeply coloured by

the lipochrome. On the other hand, crabs that have moulted

and show the soft fresh carapace of the stage succeeding a

moult, invariably have colourless blood and skin. Again,

the months February-April fall in the very height of the

breeding season of Inachus, in the Gulf, and at that time we
find along with the appearance of the bright orange-coloured
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ovary of the mature female a marked increase in the blood-

lipochrome—in this case yellow.

I think it possible from the above data, taken in conjunction

with our knowledge of the habits and development of these

animals, to formulate the following explanation.

Fat is indicated in the blood of the male and female both

in the normal and infected conditions, but it is signally

increased at the period of rapid moulting, in the breeding

season, and in the sacculinised condition in both sexes. These

three phenomena are, then, comparable in their effects on the

fat-metabolism of the crab. But of these three, as far as

numerical proportion goes, the state of the breeding female

and that of the infected animals of both sexes seem to be

more closely akin, and to represent a development of fat more

constant or more intense than in the moulting animals. I

think it is a legitimate deduction to suggest that the action

of the Sacculina closely resembles the function of the ovary,

namely, to collect a nutritive substance circulating in the

blood. I do not propose to attribute to this increase of fatty

material any mysterious and ill-defined power of “ conditioning

the formation ”
of the secondary sexual characters, though I

admit the propriety of such speculation. All I propose to

sny at present is, that the constancy of a fatty substance as a

property of the blood of sacculinised auimals is yet another

expression of the profound physiological disturbance set up

in the infected crab, a disturbance which always seems to end

by metamorphosing the male and the immature female into

a condition corresponding to that of female sexual maturity.

Thus far we have dealt with the blood alone and have

based certain conclusions thereupon. It will now be con-

venient to show that the effects of moulting, the period of

female sexual maturity and sacculinisation are similarly

registered upon the liver
,

1 regarded in the light of its

function as a fat-storing organ.

1 I use the term “ liver” merely for the sake of convenience, though

readers may substitute “ hepato-pancreas ” or “gastric gland” accord-

ing to their views.
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The deposition and development of fat in the form of

globules within the “ fat-cells” of the liver was followed by

micro-chemical methods. Owing to the smallness of Inachus

(the thoracic width averaging only T7 cm., in the total

number observed) quantitative measurements of fat contents

were deemed impracticable, aud recourse was had to sections

stained with osmic or Sudan mixture.

It is open to critics to urge that a comparative study upon

these terms may be deceptive, but by admitting only such

Text-pig. 1.

Transverse section through liver-lobe of Inaclius maurita-
nicus infected by Sacculina, showing large quantity of fat in

the liver-cells. (Semi-diagrammatic.)

evidence as was based upon a large or small amount of fat in

the liver, I venture to think solid results are attained.

If sections of a liver of a sacculinised crab be examined,

they will invariably be found to contain a good quantity of fat.

provided that the crab has acquired some of the characteristic

adult female modifications (vide Text-fig. 1). The roots of the

Sacculina will also be found to be heavily charged with fat,

as Smith has already observed. Turning to the normal

males and females, we find no such constant localisation of

fat in any one type
;
with an exception, to be cited later on,
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a considerable variety in the quantity is noticed—at one

time it is great (vide Text-fig. 2a), at another, small (2b),

in one and the same type. This is indeed what one would

expect, if one regards the fat supply as dependent upon the

animals’ casual opportunities for obtaining food.

These observations upon the liver of infected crabs are

based upon a considerable number of individuals. Unfor-

tunately, I did not take a sufficient number of animals among
the sexually mature females to enable nie to state readily

Text-fig. 2.

a b

a. Transverse section through liver-lobe of Inaclius mauri-
tanicus (normal), showing large quantity of fat in the liver-

cells. b. Another lobe, showing loss of fat from the liver-cells.

(Semi-diagrammatic.)

that the phenomenon of increased fat in the “ liver-cells” is,

or is not to be seen in their case. But the following observa-

tions may be adduced as bearing upon the point.

The liver of Inachus exhibits a considerable amount of

variety in its superficial coloration, due, as several authors

have observed, to the presence or absence of colouring

matter in the “ ferment cells ,n of the lining epithelium. At
1 It is open to doubt whether the term “ ferment cells ” expresses the

function of these correctly: I merely adopt the name faute de mieux.
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one time it is quite pale, at another of an intense black-

brown, with every possible intermediate stage between the

two. Now, I have observed in crabs about to moult and
showing lipochrome in the blood, that the liver tends to

become pale, as the following table shows :

Table II.

Inachus, Normal (January—April, 1911), showing
Lipochrome in the Blood.

Liver condition.

Total. Pale. Intermediate. Dark

94 75 13 6

Again the infected crabs have the same tendencv, though

in a less degree :

Table III.

Inachus, Infected (January— April, 1911),
showing Lipochrome in the Blood.

Liver.

Total. Pale. Intermediate. Dark.

69 . . 39 15 15

These infected crabs show a constant amount of fatty

material in the liver, and the same is true of those young

crabs just dealt with (Table II) and described as having

colourless livers. It may be only a chance coincidence that

the latter condition is found correlated with a constant

supply of fat in the liver, or it may be an invariable and

necessary correlation. If the latter is true, then we may
state that the mature female in the breeding season may be

similarly presumed to have an increased or more constant

supply of fat in the liver-cells, as I found that towards April

the liver of such animals was invariably pale. I admit that,

in default of an extensive investigation of the liver of

breeding females, we are compelled to resort to this pale
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condition of the liver as a basis of comparison between

the breeding females and infected animals of both sexes,

and I make such a comparison with due regard to this quali-

fication. Indeed, if we are not prepared to allow such a

comparison, at all events we are left with yet another

characteristic in common between the adult female and the

infected crabs, viz. the loss of colour in the liver.

It is a curious point to observe that in the normal male

the blootl, as the summer approaches, loses its lipochrome,

while the liver tends to become pale. A possible interpreta-

tion of this, though as yet quite unverified in fact, is, that

the liver, though containing fat, has not yet received the

appropriate stimulus (e.g. the moult of infection) to liberate

its contents into the blood. Finally, I may say that the

insufficiency of our knowledge of the function of the “ ferment

cells ” relegates much of this reasoning to the region of

tentative hypothesis.

II T. The Nature and Function of the Lipochrome of

Inachus.

We have hitherto regarded the two lipochromes, pink

and yellow, as one, and have indicated their relation to the

development of fat. It now remains to state the little tli at

seems to be justified from my observations as to their nature

and function.

It has been observed above that, though clearly distin-

guishable as pink and yellow in their more pronounced

stages, they tend to merge insensibly into each other. Hut

so much is clear, that a rich orange yellow characterises the

blood-pigment of the female in the breeding season, and a

pink shade the male and female at the moult and under the

influence of Sacculina. It may possibly be of interest from the

point of view of “heterozygosis” to remark that the male

occasionally exhibits a pure yellow lipochrome in the blood.

With regard to the moulting animals, the lipochrome may
be traced from the blood into the skin of the joints and
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carapace, after which the blood becomes pale. The animal

in this condition has a bloated appearance, markedly different

from the fresh pale condition of the stage succeeding a moult.

I think we may conclude that some sort of fatty substance

is lodged in tbe tissues in question, and assists in the for-

mation of the new epidermis. The fate of the lipochrome can

only be vaguely suggested
;
probably it is got rid of at the

moult, as the colourless condition of the new skin would

suggest
;
but I have never examined the freshly-cast carapaces

to satisfy myself upon the point.

The role of the yellow pigment is but generally indicated by

the fact that the fat it accompanies is stored up in the ovary.

It is certainly specific for this function, but its actual role,

if it has any, is not necessarily indicated by the association.

One is tempted, of course, to assign to each of these two

lipochromes a differentiated physiological function and

identity. Maly (4) found that they could be separated by

appropriate chemical reactions from each other in the yolk of

the ovary of Mai a squinado. But it is permissible to

observe that while the blood of a mature female Inachus is

more often yellow, the ripe ovary of the same animal is

orange (pink -f yellow). Finally, when we take into con-

sideration the passage from pink to yellow in the blood

lipochrome (p. 275), it will be seen that, on the other hand,

there is an equal possibility that these two colouring bodies

are not rigidly determined each from each.

IY. A Note on the Origin of the Fat Supply of Inachus

in Relation to Sacculinisation.

There seems to be little reason to doubt that the fat con-

tained in the liver-cells of Decapoda is directly supplied by
the food-stuffs of the animal. In addition to the experience

of other autliors I may quote my own results on this point.

After a fortilight’s or eighteen days’ starvation fat begins

to disappear from the liver. If a number of crabs which

have been thus starved are taken and fed on a fat-con-
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taming diet for some hours, the liver-cells of these, upon

examination after some time, will be found to contain a

considerable quantity of fat. Crabs which have not been

thus fed exhibit none or very little. If one deduces from

this the immediate dependence of the animal for its fat

supply on its food-stuffs, then we are naturally led to ask how
the infected animals exhibit such a constant supply. Moulting

male and female and breeding females might also be made
subject to such a question, but we must remember that the

periods are but temporary with them, and they return again

to their normal condition, while the infected animal has to

continue playing the host to the parasite’s Gargautuan

appetite, though no doubt what is true of the infected

animal is, to a certain though limited degree, true of the two

others.

Is, then, the increased fat in the blood of the infected

animals the result of an increased activating of fat that

would otherwise have been stored up ? Or is it due to an

increased initial supply ?

I do not think we can resolve this interesting question yet,

but I am inclined to think that the infected animal obtains

an abnormal supply of fat. Unfortunately I have not made
any comparative observations upon the appetite and feeding

of Inachus, any more than to observe that infected animals

are as active in obtaining food as are the normal ones.

Mr. Smith also informs me that he has noticed that the

former eat very greedily and die much more rapidly than

uninfected individuals, when starved. Finally, I have reason

to doubt whether infected crabs live over the summer in

the Gulf of Naples.

When observations are carried out to satisfy this question

it will possibly be discovered that a great mortality of the

infected ultimately sets in, due to the failure of the crab to

obtain enough nutrition and reserve material for itself and

for the parasite.
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V. Summary.

The following appear to be the most salient points that

can be deduced from the evidence cited above

:

(1) that infection by Sacculina induces the maintenance of:

an abnormal quantity of fat in its host’s liver and blood
;

(2) that this condition resembles that found in normal

females and males preparing for the moult and in sexually

mature females, the ultimate destination of the fat being

functionally similar in the case of the mature females and

the infected crabs
;

(3) that in all probability the ultimate fate of the infected

crab is death from starvation, arising from its inability to

obtain enough fatty material for itself and its parasite
;

(4) that a pink-coloured lipochrome is found in the blood

of moulting and infected animals of both sexes, while a rich

yellow characterises that of the sexually mature female.
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A Note on the Early Stages of Nuclear Division
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From some cultures which Major Liston was good enough

to send me in the course of the summer, I have been able to

obtain the early stages of the nuclear division of the large

amoeba from liver-abscesses.

From a pathological standpoint it may be interesting to

note that Major Liston has since succeeded in cultivating the

same amoeba on plates exposed to the air in an Indian jail,

and that it seems probable that the amoeba cultivated from

Bombay tap-water is also the same species.

It does not seem to me that these observations of necessity

invalidate the possibility that this amoeba is one of the agents

in the production of liver-abscess, but they certainly point to

the crying need for further experimental work on this

subject.

The first indication of nuclear division is far more clearly

seen on preparations stained with haemalum than in those

stained with iron-haematoxylin.

In these preparations a number of rounded amoeba? are

met with in which the extra-karyosomic chromatin appears

to have been absorbed by the karyosome, which is much
swollen (Text-fig. 1) and in some cases vacuolar.

The nucleus at a slightly later stage loses its spherical form

and at the same time the karyosome breaks up into a number
of lightly staining irregular masses (Text-fig. 2).
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The chromatin then becomes concentrated into a large

number of deeply staining granules (Text-fig. 3), which are at

Text-fig. 1 .
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1. First stage of nuclear division showing the breakdown of the
karyosome.

2. Slightly later stage
;
the remains of the karyosome have lost

to a large extent their affinity for chromatin stains.

3. The chromatin has'commenced to condense into granules.

Text-fig. 6 .
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4. The chromatin granules are irregularly scattered through the
nucleus, which has assumed an oval shape.

5. A later stage.

6. The chromatin granules are becoming grouped in masses.

first scattered throughout the central portion, of the nucleus,

which has by this time assumed an irregular oval shape

(Text-figs. 4, 5).
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The chromatin granules then become grouped into

masses on the equatorial plate of the spindle, which now
makes its appearance within the nuclear membraue (Text-

figs. 6,7).

The later stages of this division have already been described

in the preceding paper, but it may be pointed out that the

reconstructed nuclei of forms which have recently divided are

at first very small, and only later attain their usual dimensions.

In conclusion, I should like to point out that at no stage in

this division can I find any evidence for the existence of a

centriol.

Text-fig. 7.

The chromatin granules have become grouped in masses on the

spindle-fibres which have begun to make their appearance.

In a recent paper by Nagler, “ Studien fiber Protozoen

aus einern Almtfimpel,” in the ‘Archiv ffir Protistenkunde/

Bd. xxii, 1911, a dictum of Hartmann and Chagas is quoted

with apparent approval (p. 65)
“ Wie bereits in der Arbeit

von Hartmann und Chagas (1910), dargetan ist ‘ Ivann das

allgemeine Vorhandensein von Zentralorganen im Caryosotn

aller Protozoon jetzt als eine Wohlbegriindete wissen-

schaftliche Tatsache gelten.’
”

Personally I cannot help feeling that this sweeping
generalisation, in common with most of the numerous gene-

ralisations that have appeared upon the Protozoan nucleus

during the last ten years is, to say the least of it, premature.
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On the Condition of the Epidermal Fibrils in
Epithelioma.

By

Oeorge Arnold, M.Sc.,

From the Cancer Research Laboratory (Mrs. Sutton Timmis
Memorial), University of Liverpool.

With Plate 25 and 1 Text-figure.

The following* observations were made in the course of

some experiments which were carried out with the object of

demonstrating chondriosomes in malignant tissues.

These observations deal principally with the epidermal

fibrils (protoplasm-fasern, Ger., and fibrilles epidermiques,

Fr.), and as the literature dealing with these structures is

somewhat scattered and rather scanty, it will be necessary to

take a short survey of the present state of knowledge con-

cerning them.

Ranvier (1879) was one of the earliest observers to

investigate these cell structures, giving a short description of

the fibrils that are to be found in the epidermal cells of

mammals.

He distinguished two sorts of fibrils in the cells of the

Malpighian layer of the skin, namely, the “ filaments

nodulaires” and the “ longs filaments.” These fibrils are

confined to the cytoplasm of the epidermal cells, i. e. they

lie entirely external to the nuclei. The “ filaments nodu-

laires ” connect up adjacent cells, and pass through the

prickles, and are furnished with an enlargement (nodule) at

VOL. 57, PART 3. NEW SERIES. 21
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the point where they lie at the apices of two opposing

prickles. The other fibrils
—“ longs filaments”—are much

longer and thinner than the former
;
they have no central

nodule, and may be so long as to pass through more than two

cells. Ranvier considered that these long fibrils represent

the nodular fibrils in a stretclied-out condition, occasioned by
the tension due to the passage of leucocytes through the

spaces between the prickles, the nodular centre being of an

elastic nature to facilitate such strains. And he attributes to

these connecting fibres the difficulty of isolating the epidermal

cells by maceration and other methods.

Waldeyer (1882) and Lwoff (1882) described similar fibres

which they found in the epidermal layer of the cortex of the

feathers of birds.

These observations apparently did not attract much atten-

tion, and it is due to the work of Herxheimer (1889) that the

interest of histologists was focussed on to these structures.

Nevertheless, beyond indicating new methods of fixation

and staining, Herxheimer had very little to add to the

observations of the earlier observers. It is to be remarked

that he called attention to the fact, noticed by subsequent

observers, that these fibrils are more easily demonstrable in

the cells of tumours and warts, and in the apparently healthy

epidermal cells immediately adjacent to the growths. In a

later paper (1899) he expressed the view that the fibrils are

derived from the substance which forms the walls of the

cytoplasmic alveoli.

Kromayer (1892) described the protoplasmic fibrils in the

epidermis of the palm and sole, and also in epitheliomata.

He traced the course of the fibrils from one cell to another

through the prickles. His observations agree with those of

Ranvier and Herxheimer in that he showed that the fibrils

are most strongly developed in the lowest layers of the rete

mucosum,and are absent from the uppermost layers, in which

the cytoplasm contains keratohyalin. The latter substance

he derived from the fibrils themselves.

In the lowest layer of the rete mucosum, i. e. the columnar
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cells lyiug above the cutis vera, the fibrils have a direction

parallel to the long axis of the cell, and pass at their lower

end into the cutis vera. Hence Kromayer is of the opinion

that it is owing to the greater cohesion given by the extension

of the fibrils into the cutis, that in blistering the blister is

formed between the basal columnar layer and the layer of

cells above, and not between the basal layer and the cutis

vera.

Schridde’s (1905) work is of a more comprehensive

character. His observations were made on healthy skin, and

also on the skin from the margins of lupus areas and of a

tumour on the vola manus, caused by X rays. Like the

preceding* authors, he found that the fibrils are more readily

observable in pathological material, but that, nevertheless,

the character of the fibrils is the same in both healthy and
unhealthy tissue. His observations led him to conclude that

(1) the fibrils have a definite arrangement and are disposed

in at least three series, taking a circular or elliptical path,

and in such a way that the nuclei of the cells traversed lie

outside the fibrils. This is more easily expressed in the

diagram, which, to avoid a long description, is herewith

reproduced from his paper. (2) The keratohyalin of the

stratum granulosum is not derived entirely from broken-down
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fibrils, since tlie latter can also be seen in those cells which

also contain keratohyalin granules.

Schridde emphasises the necessity of using very thin

sections, not more than 5/*, to make out the proper course of

the fibrils in the cytoplasm. Although it is quite probable

that the path of the fibrils follows definite lines, yet it must be

noted that Schridde’s observations on this point have not

been confirmed by other workers.

Other authors who have dealt with the epidermal fibrils

are Weidenreich, Rabl, Nussbaum, and Rosenstadt. It will

be necessary only to refer to the work of the latter.

Roseustadt (191.0) pointed out that the idea of the earlier

writers that the prickle-cells are joined to each other by

protoplasmic bridges is erroneous. He asserted that the

epidermal fibrils are the only nexus between adjacent prickle-

cells.

The thickening in that part of each fibril which lies between

two adjacent cells is not due, he thinks, to the presence of a

nodule, as described by Ranvier, but is an optical effect pro-

duced by the fibrils which cross other fibrils in a direction

perpendicular to the plane of section.

McConnell (1908), in an examination of 100 malignant

growths, determined the presence of the fibrils distinctly in

34, all of which were squamous epitheliomata. On the other

hand, in 22 rodent ulcers, 25 carcinomata and 6 sarcomata

the fibrils were entirely absent.

The Epidermal Fibrils in Relation to Chondriosomes.

It is to be observed that none of the authors quoted above

has indicated any connection between the fibrils and chondrio-

somes.

Nor is this surprising, when it is remembered how recent is

our knowledge of the latter cell structures.

Von la Valette St. George (1886) described a structure in

the spermatids of insects, to which he gave the name of

Nebenkorper, and which he showed was built up of granules
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(“ cyto-microsomes ”) occurring in the cytoplasm of those

cells. This same body had been previously described by

Biitschli under the name of Nebenkern, and A. V. Brunn, in

1884, had shown that in the spermatids of the mouse, certain

granules collect together to form the spiral sheath which

envelops the intra-cellular part of the tail filament of the

spermatozoon.

Benda, in 1897 and 1898, in dealing with the histogenesis of

the spermatozoa of various Vertebrates, drew attention to the

constant presence of these granules in the cytoplasm of the

spermatids. These granules he called Mitochondria, and he

was able to trace their evolution up to the final condition in

which they form the spiral sheath or thread of the spermato-

zoon tail.

In another paper (1899) he showed that the mitochondria

occur in all the generations of the sexual cells of a large number

of both vertebrates and iuvertebrates, and also that they are to

be found in a variety of cells of the somatic tissues, such as

striated muscle-fibres, leucocytes, marrow-cells, and in the

epithelial cells of the kidney.

But it is due chiefly to the researches of Meves and

Duesberg that we owe the possession of the more important

facts in connection with chondriosornes.

The nomenclature now in general use is that of Meves, so

that under the term (1) Mitochondria are classed the

granules
;

these may be arranged in chains or scattered

through the cytoplasm; (2) Chondriokonts, rod-like bodies

or threads, and which may sometimes arise from the fusion of

rows of mitochondria; (3) Chondriosornes, a general term

to include all cytoplasmic structures which are of the nature

of mitochondria or chondriokonts.

Meves (1908) showed that all the cells of the embryo chick,

as early as the 15-hour stage, contain numerous chondriokonts

and mitochondria in their cytoplasm, but with a noticeable

differentiation in their arrangement in the three germinal

layers, viz. the epiblastic cells contain mainly rods and threads

(chondriokonts), whereas granules (mitochondria) are excep
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tional. The same holds good of the hypoblast, bat the

meso-blastic cells show granules, chondriokonts occurring in

them only occasionally.

Meves also established the fact that up to the 3 days

9 hours stage (beyond which stage his observations do not go)

all the cells still contain chondriosomes, of which those in the

neuroblasts have already (three days) begun to lose their

mitochondrial staining reaction, and respond only to the

specific staining reactions of neurofibrils.

Hoven (1910) has studied the genesis of the neurofibrils of

the chick in detail, and has shown that they are undoubtedly

derived, as Meves had previously suggested, from the chon-

driosomes, i.e. they are the products of the metamorphosed

embryonic chondriosomes.

In 1899 Benda put forward the view that the myofibrils

were formed out of mitochondria, but it is to Duesberg (1910),

that we owe conclusive proof of the nature of those structures.

His work is entirely in support of Benda’s views, and shows

that the myofibrils of striated muscle-fibres are the products

of metamorphosed chondriosomes, being derived entirely from

the chondriosomes of the embryonic muscle-cells.

It will be beyond the limits of this paper to enter into the

theories which have been put forward as to the role of the

chondriosomes. Suffice to say, Meves (1911) has shown that

in Ascaris, at least a part of the mitochondria of the male is

carried by the spermatozoon into the egg and there fuses with

the mitochondria of the female.

From these and other facts Meves came to the conclusion,

which is now widely held by those observers who have studied

the chondriosomes, that those structures function, inter alia,

as the cytoplasmic bearers of hereditary qualities just as the

chromatin and linin are assumed to function in that role in

regard to the nucleus.

Also that in somatic tissues, the chondriosomes form the

fundamental material from which are manufactured the sub-

stances specific of the different tissues. Thus, he remarks :

“ Mit der Sonderung des Embryonalleibs in verschiedene
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Organe und Gewebe iibernehmen die zuerst gleichartigen

Zellen besondere Funktionen, die in besonderen Strukturen

oder Differenzierungen iliren Ausdruck finden.

“Alle diese Differenzierungen, so heterogen sie sind,

enstehen nun durch Metamorphose eines und desselben

elementareti Plasmabestandteiles, der Chondriosomen. Die

Cliondriosomen sind das den Differenzierungsprozessen

zugrunde liegende materielle Substrat, welches tC in den

spezifisclien Substanzen der verschiedenen Gewebe different”

wird.

“Das Studium eines Teils diese Urnwaudlungen soil das

Thema weiterer Arbeiten bilden : hier sei dariiber nur kurz

folgendes bemerkt.

“Zu den Differenzierungsprodukten der Chondriosomen

gehoren zunachst einmal die verschiedensten Faserstrukturen

:

zahlreiche fibrillare Bildungen in Epithelzellen, z. B. nacli

meinen demnachst zu beschreibenden Beobachtungen, die
‘ Protoplasma - fasern

9 der Epideriniszellen, ferner die

FibrilLm der glatten und quergestreiften Muskelfasern, die

Neurofibrillen und Neurogliafasern, die Bindegewebsfasern.”

It will be noticed that in the foregoing paragraph Meves
expresses the belief that the“ protoplasmafasern” of epithelial

cells, i.e. epidermal fibrils, are differentiation products of the

choudriosomes. The observations which he was about to

publish have not yet appeared in print, but in the meantime a

paper has appeared from the pen of Jean Firket (1911) giving

the results of his investigations on the fibrils and their

relation to the chondriosomes in the epithelial cells of the

embryo chick.

At the time that the results of the observations embodied

in this paper were being written, no evidence was obtainable

that the epidermal fibrils arose from embryonic chondriosomes.

That such was their origin must have seemed most probable

to anyone who had given careful attention to the work of

Meves, Duesberg aud Hoven on the origin of the connective-

tissue, muscle and neurofibrils, and was, iudeed, cursorily

indicated in the papers of the first two authors.
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In the meantime Firket’s observations just published have

provided that evidence which makes the probability a

certainty.

Firket based his researches on sections of the “ egg-tooth ”

(le diamant) of the chick. This corneous organ, which lies on

the tip of the beak and drops off shortly after hatching,

enables the chick to break through the shell.

It arises originally from two layers of ectodermal cells, and

by proliferation of the latter eventually forms a horny conical

knob on the upper mandible. When fully formed it consists

of many layers of cells, which may be divided into three zones,

viz. the basal layer, and the inferior and superior mucous

layers.

In sections of the egg-tootli from a three days old embryo,

Firket ascertained that all the cells of the basal zone con-

tained chondriokonts. These are confined to the cytoplasm

of each cell and do not pass from one cell to another. The

superior mucous zone, i.e. the outermost, contains typical

epidermal fibrils, but the cells of the intermediate zone, the

inferior mucous, contain both chondriokonts and fibrils, the

latter increasing in proportion as the cells approach the

superior zone. Every stage between chondriokonts, charac-

terised by being confined within the limits of each individual

cell, and true fibrils, passing from one cell to another, is to

be seen, so that ee Les transitions entre fibril les et chondrio-

somes sont d’ailleurs presque insensibles.”

The importance of correlating the epidermal fibrils with

the embryonic chondriosomes lies in the relation of the latter

to Altmann’s granula, in view of the assertion made by some

observers that Altmann’s grauula are absent from the cells of

malignant growths.

The researches of Meves and Samsonnow (1910) have

demonstrated decisively that the chondriosomes are identical

with the granules of Altmann, where the latter are not

artifacts, and certainly under that category must be classed

not a few of the different granules described by Altmann.

What seems to be granules by Altmann’s method appear as
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rod-shaped bodies, i.e. the chondriokonts, in properly fixed

tissue. Material which has been fixed with the specific

mitochondrial fixative shows chondriokonts occupying the

identical position in which the granules occur in cells fixed

by Altma-nn’s method, and where the mitochondrial fixative

has not acted sufficiently, the chondriokonts can be seen

broken up into rows of granules. Sometimes, however, both

fixatives present the same appearance, and then it is probable

that the chondriosome in such cells is really granular, that is,

composed of mitochondria and not chondriokonts.

Thus even if it should prove to be true that Altmann’s

granules are absent, or occur in considerably diminished

quantity in malignant cells, then it is evident that at the most

it can apply only to the granular chondriosome, i.e. mito-

chondria, since the rod-shaped chondriosome occurs in its

metamorphosed form as epidermal fibrils in nearly all

squamous epitheliomata.

The observations about to be described throw some light

on the origin of the well known “cell nests” occurring in

epitheliomata, and also go to support the view of Kosenstadt

that protoplasmic bridges between one prickle-cell and

another do not exist.

The material used was an epithelioma of the tongue, fixed

immediately after removal in Flemming’s solution, modified

according to the formula of Meves (1908, p. 832) for the

specific staining of chondriosomes. The sections (5 fx thick)

were stained with Heidenhain’s iron-alum haematoxylin and

counter-stained with orange G.

The piece of tumour was cut from the central portion of

the growth, and tangentially to its free surface ; hence very

few, if any, healthy epidermis cells are to be found in the

section. Yet here and there some cells may be seen the

nuclei of which are to all appearances quite normal, and

which also have the epidermal fibrils presenting the same

characters that they possess in normal and healthy epithelium,

namely, thiu threads of an even diameter all through, running
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from one cell to another (fig. 1, a, b, c) and passing evenly

distributed through the periphery of each cell to the cir-

cumjacent cell-surfaces. Even so, the course of the fibrils is

limited mainly to the more central area of each surface of the

epidermal cells, thereby leaving the corners free.

It was very noticeable that at the margin of the tissue,

where the penetration of the fixative was most thorough, the

cell-margins rarely show the typical prickles to the presence

of which is due the common histological name of these cells,

i.e. prickle-cells.

On the contrary, the cell-surfaces have exceedingly fine

pittings and prominences, which in cross section present the

aspect of a minutely serrated line (fig. 1, junction of cells

b and c, b and d). In those portions of the tissue more

remote from the immediate action of the fixative, this serrated

margin is replaced entirely or in part by the tj^pical prickles.

It is in such cells that the epidermal fibrils appear to pass

from one cell to auother by protoplasmic bridges, formed by

the junction at their apices of two opposing prickles (fig. 1,

j), and fig. a1).

I have observed this condition in epidermis on other

occasions where the fixation has been insufficient, and there

is a strong suggestion that the so-called prickles are artifacts

produced by the unequal and faulty fixation.

Epidermis is a notoriously difficult subject for fixation, the

horny layer acting as a barrier to the rapid penetration of

the fluid, and it is precisely among the cells immediately

below the horny layer (rete mucosum) that prickles are most

obvious. The passage of leucocytes and lymph corpuscles

between the cells of the rete mucosum produce by pressure

the formation of prickles, but the evidence brought forward

above suggests that it is only a transient condition of the

surface of the cells.

As has been said, there are a few cells here and there in

the tumour, in which the fibrils present a normal appearance,

but in the vast majority the fibrils are in different stages

of degeneration.
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The first step in this process is that the fibrils become

arranged more closely together, i.e. not traversing each cell

in all directions, but in compact bundles. In this condition

they lie very close to the nuclear membrane (fig*. 1, d, and

fig. 2). This is followed by some of the fibrils becoming

greatly thickened, being at least twice their ordinary diameter

(fig. 1 ,d and fig. 2). This is a gradual process, and does not

affect all the fibrils in a bundle simultaneously (fig. \,d). At
the same time that this thickening takes place the fibrils also

become shorter, or perhaps contract, so that they no longer

traverse two or more cells, but lie wholly within the limits of

one cell, closely entwined round the nucleus (figs. 2 and 3).

In fig. 3 it will be seen that this change is far advanced; no

fibrils pass from the affected cell to four of the adjacent cells,

and from the three other cells which lie in contact with it

the few remaining* fibrils are being withdrawn.

The thickening of the fibrils continues till at last a mantle

of thick fibres surrounds the nucleus. The latter may lie

centrally (fig. 4 and fig. 5, e) or eccentrically (fig. 5 f and h)

to the mantle. Eventually the fibrils are so swollen and

pressed together that they fuse, and form a homogeneous

covering round the nucleus or its remains, in which only

traces of the individual fibrils retaining their identity can be

seen (fig. 4 and fig. 5, h).

As might be expected, while these changes are taking

place in the fibril bundles the nucleus is also affected. The
unaffected cell contains a nucleus which is large in proportion

to the cytoplasm. Such a nucleus has a well-defined mem-
brane, one or more nucleoli, and a scanty linin network, on

which are distributed some granules of chromatin (fig. 1,

a, b
, c, d). But in those cells in which the epidermal fibrils

degenerate, the nucleus undergoes changes which take the

following course.

The nucleoli break up into several fragments (fig. 3 and

fig. 5, f and li), the linin threads become indistinct, and the

chromatin granules together with the nuclear remains lose

their affinity for the luematoxylin stain. Eventually, the
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nucleus contains only an indistinct mass of faintly stained

granular debris, and is so shrivelled up that it can be recog-

nised only with difficulty.

The cause of the thickening and subsequent fusion of the

fibrils was not ascertained. It is noticeable, however, that

very often the cells adjacent to those in which degeneration

was far advanced contained very few, if any, fibrils (fig. 3,

cells on the right). The deprivation of fibrillar material

affects these cells just as adversely as the increase of the

same affects the other cells. For the result is that these cells

become detached from the surrounding cells
;

the nucleus

and cytoplasm diminish in size, followed by the disruption of

the nuclear membrane, and diffusion of the nuclear contents

into the cytoplasm. Such cells, or rather cell remains, are

generally to be found, together with leucocytes, in large

spaces immediately in the neighbourhood of cells of the other

sort, in which the fibrils are hypertrophied (fig. 2, dn).

In the latter class of cells the degenerative change in the

fibrillar material is also accompanied by a distinct increase in

the amount of cytoplasm (cf. a and d, fig. 1, and fig. 3). It

is probable that this is due to the withdrawal of cytoplasmic

material from the same cells in their vicinity, out of which

the fibrils have been withdrawn.

The next stage in the degeneration brings about the

formation of the “ epithelial pearls” or “
cell nests,” so

distinctive of epitheliomata (fig. 5).

These bodies are formed by the conjunction of several

cells, which take up a concentric position around an ill-

defined centre. It would seem that the cytoplasm of such

cells fuse together, since it is very difficult to trace the

complete outline of the cytoplasm of any of the cells com-

posing such nests (fig. 5).

Such a fusion is all the more probable when we trace the

origin of certain peculiar bodies, which are fairly plentiful in

this and similar malignant growths (fig. 6). These bodies

sometimes form part of a cell-nest, but more frequently occur

in the midst of the unaltered malignant cells. They consist
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of two concentric rings of fibrils, connected together by

transverse strands radiating from the central ring like the

spokes from the axle of a wheel. The central ring contains

a darkly stained central area and the slirivelled-up remains of

a nucleus (fig. 6
,
in.). It is difficult to determine the nature of

this central area. It is composed of a homogeneous substance

which retains the hmmatoxylin stain. Outside the inner ring

of fibrils lies a zone of cytoplasm, through which radiates to

the outer ring a number of short fibrils. The outer ring of

fibrils is also surrounded by cytoplasm, in which is seen the

remains of another nucleus (fig. 6
,
en.). Intermediate stages

can be found in which the transverse fibrils are confined to

one side of the central nucleus (fig. 7). This and other

intermediate stages lead one to the conclusion that the

formation of these bodies is originally brought about by the

fusion of two cells, of which one acts as a core to the other.

The fibrils of the outer cell (fig. 7, II) envelop the nucleus

and fibrils of the inner cell (fig. 7, I). Later on another cell

may be drawn into the combination. Thus in fig. 7 the

margin of the lower cell (III) can be traced all round, except

in the area where its fibrils have become continuous with

those of cells I aud IT, indicating that the cytoplasm of the

three cells has coalesced into one common mass at that point.

Hence, when that process is completed, it would not be

possible to distinguish the separate cytoplasmic areas of the

three cells.

In the epithelioma with which we are dealing, the malignant

cells appear to multiply entirely by amitotic division (fig.

1, b), since no mitotic figures were seen.

Amitotic division figures were plentiful, and it would seem

that in this tumour the life of all the cells, after a period of

activity accompanied by growth and reproduction, comes to

an end, this being brought about by the degeneration of the

epidermal fibrils, and the strangulation of the nucleus. It is

obvious that the fibrillar degeneration does not arise in all

the cells at the same time, otherwise the tumour would rapidly

disappear. It would be rash to speculate as to the conditions
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in epitlieliomata which lead up to these changes, for it may
be dependent on a combination of several unknown factors.

Faure-Fremiet, A. Mayer and Schaffer (1909), who have

investigated the chemical nature of chondriosomes by the

only available means, viz. by micro-chemical and comparative

methods, conclude that the chondriosomes are lecithalbumins.

Whether the epidermal fibrils are of the same chemical

composition as the chondriosomes from which they are

derived, has yet to be ascertained. Further researches on

the chemistry of these bodies are necessary before it would

be safe to draw any deductions from that source, in order to

explain the degenerative changes which take place in the

epidermal fibrils of epitlieliomata.

Conclusions.

The conclusions derived from the foregoing observations

may be summed up as follows : The malignant cells com-

posing an epitlieliomatous growth undergo a gradual

degeneration, which may take two paths.

Class I is that in which -the cell obtains an excess over the

normal of fibrillar material. In such a case the cytoplasm

increases in volume, the fibrils become greatly thickened,

and, fusing together, form a mantle round the nucleus. The

latter, being shut off from communication with the cytoplasm,

atrophies, and is followed by the degeneration and death of

the cells as a whole. Such cells usually collect into groups

and form the epithelial pearls or cell-nests.

Class II.—The other form of degeneration is apparently

quicker in its action, to judge by the smaller number of cells

in which it is visible. It is caused by the withdrawal of the

fibrils of a cell into other cells undergoing degeneration in

the manner described under Class I. These cells, devoid of

fibrils, are brought to an end by the breaking down of the

nuclear membrane, the dissolution of the contents into the

cytoplasm, and finally by the fragmentation of the whole

cell.
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EXPLANATION OF PLATE 25,

Illustrating Mr. George Arnold’s paper “On the Condition

of the Epidermal Fibrils in Epithelioma.”

[The outlines of all the drawings, except figs. a1 and 7, were drawn

with a Zeiss Zeichenapparat, at the level of the stage. 2 mm. 1*40 N.A.

immersion objective Zeiss, and compensating oculars 2 and 8 were used.

All the figures are drawn from a preparation of an epithelioma of

the tongue. The preparations were stained with Heidenhain’s iron-alum

hematoxylin and orange G. sectioned 5 p thick.]

Fig. 1.—Five prickle-cells of an epithelioma, of which cells a, b, and c,

contain unaltered fibrils. In cell d the fibrils are in an early stage of

degeneration. Cell b shows amitotic division of the nucleus. The

junction of cells a and b and b and c present the normal surface

outline of the cytoplasm. At p typical prickles are seen, due to insuffi-

cient fixation. 8 oc. and 2 mm. immersion.
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Fig. a 1.—Enlarged drawing of three prickles at the junction of two

cells, with the fibrils traversing them
;
abnormal effect due to insufficient

fixation.

Fig. 2.—A prickle-cell, in which the fibrils are massed together in

distinct bundles, the fibrils being much thicker than in a healthy cell.

The fibrillar degeneration is more advanced than in fig. 1 d. Note the

increase in volume of cytoplasm, dn. Remains of cells from which

fibrils have been withdrawn. 8 oc. and 2 mm. immersion.

Fig. 3.—A yet later stage of degeneration is exhibited in the cell to

the left. The fibrils are being withdrawn from the periphery of the

cell, and collected in a dense sheath round the nucleus. The two cells to

the right have lost nearly all their fibrils and their cytoplasm is

diminished. 2 oc. and 2 mm. immersion.

Fig. 4.—Final stage in the degeneration of the prickle cell of an

epithelioma. Here the fibrils are confined entirely to the neighbourhood

of the atrophied nucleus, and have melted together to form a mantle

completely surrounding the same. The nucleus has lost its chromatin

and linin network, and only a few indistinct granules remain. 8 oc. and

2 mm. immersion.

Fig. 5.—An “epithelial pearl” or cell nest, composed of a number
of cells arranged concentrically. The cytoplasma of the different cells

have coalesced for the greater part into one mass. /. and li. Degenerating

nuclei in which the nucleoli have fragmented, and with the chromatin

network diffused, h. Final stage of the combination of two or more

cells as in fig. 6. 2 oc. and 2 mm. immersion.

Fig. 6.—A body composed of two cells, with fibrils arranged in two

rings, in. Internal, en. external nucleus. 2 oc. and 2 mm. immersion.

Fig. 7.—Diagram sketch of another concentric double ring, similar

to fig. 6, but composed of three cells, I, internal cell, II and III,

external cells.
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Note on the Mechanism of Discharge of the

Cuvierian Organs of Holothuria nigra.

By

George Ualpli Mines, M.A.,

Fellow of Sidney Sussex College, Cambridge.

(From the Laboratory of the Marine Biological Association, Plymouth.)

With Plate 26.

It is well known that when Holothuria nigra (the large

sea-cucumber common at Plymouth) is irritated, it responds by

emitting; a number of white conical bodies. These, the Cuvierian

organs, rapidly elongate, shooting through the water while

remaining attached at their bases to the animal, to form long,

intensely sticky tubes. The phenomenon has been described

by Minchin (1), Barthels (2), Herouard (3) and others, but

there appears to be much divergence of opinion as to the

mechanism by which the elongation of the tubes is brought

about. Herouard ascribes it to the forcible iujection of the

tubes with water, while Minchin denies that water-pressure

plays auy part in the discharge, and attributes the whole affair

to the intrinsic activity of the organs themselves. The latter

view is adopted by Sedgwick (4).

The observations on which MinchiiFs explanation is based

are these : If the tubes, when first emitted by the animal, are

cut off, they continue to elongate. Undischarged Cuvierian

organs can be made to elongate after removal from the

body.

With regard to the first of these points, it is evident that

cutting a very narrow tube with thin and sticky walls will

effectively seal the ends, and that the result of cutting or



302 GEORGE RALPH MINES.

ligaturing will be the same. As Barthels remarks, the tubes

produced under these conditions are thinner than normal and
the elongation takes place more slowly.

I find that if the ligature is tightened around their bases

as quickly as possible after the appearance of the Cuvierian

organs outside the animal, the organs do not shoot through

the water to auything like the normal extent, but fall in coils

close to the animal. If the ligature is tied somewhat later,

the elongation of the organs continues in a fashion more

resembling the normal, but it is still imperfect. As the

elongation of the distal part of the tube proceeds, the

proximal part, which was distended before the ligature was

tied, is seen to shrink. This shrinkage does not occur in a

normal uninterrupted discharge.

Fig. 1a shows a normal discharge of five Cuvierian organs.

Fig. 1b shows a second discharge from the same animal^

where the tubes were ligatured very shortly after ejection, by

tightening a loop of silk placed close outside the anus through

which the organs passed.

In order to display the Cuvierian organs the specimens were

photographed in a black dish filled with sea-water. The

animal is not seen, therefore, owing to its deep pigmentation.

Fig. 2 gives a closer view of some Cuvierian organs tied at

their bases shortly after discharge; it shows the beaded

appearance often presented by the tubes under these con-

ditions.

Fig. 3 represents a group of undischarged Cuvierian organs

taken from the body-cavity of Holothuria nigra.

Fig. 4 shows a few of these organs in a shallow dish, some of

them being pulled out. Picking up an undischarged organ at its

ends, it is easy to pull it out to a great length, but the resulting

thread looks wholly unlike the tube as normally discharged,

in that it is thin and not transparent. When an organ is thus

in part pulled out, the remaining portion often undergoes some

elongation, the thin thread produced coiling and lying at the

bottom of the vessel. The extent to which this goes on

varies considerably in different cases
;

it seems to depend



THE CUVIERIAN ORGANS OF HOLOTHURIA NIGRA. 303

largely on whether the undischarged organ is filled with

water or not.

By introducing a fine glass cannula or a hypodermic needle

into the base of an undischarged organ and injecting fluid,

the tube is shot out in precisely the same way as in a normal

discharge by the living animal. The elongation can be

stopped at any stage by reducing the water-pressure and

continued by increasing it. When a coloured liquid is used

for injection it is often seen to pass up to the tip of the organ

before elongation starts, showing that the lumen is patent

throughout the undischarged tube. Examination with a low

power of the microscope shows transverse thickenings in the

wall of the undischarged tube, suggesting that it is folded

together rather like an accordion.

The inset in Fig. 5 shows an undischarged organ with a

hypodermic needle inserted into its lumen. The rest of the

figure shows the effect of injecting it partially with sea-water.

Fig. 6 gives another example more completely injected, in

this case with air.

A comparison of the appearance of the tubes discharged

normally by the living animal with those artificially injected

with sea-water reveals no point of difference, but more striking

still is the exact similarity of the movements under the natural

and experimental conditions.

The pressure needed to cause elongation of the tubes is

about 20 or 30 cm. of water. A pressure of 15 cm. sufficed

to cause partial elongation of a tube, but failed to shoot it out

completely.

It is easy to observe that during the discharge of tubes by
the living animal, the body of the latter is always tense and

firmly contracted.

In several experiments I have demonstrated the rise of

internal pressure in Holothuria on irritation by the following

device: A thin rubber balloon attached to the short limb of

a long glass tube bent at right angles was introduced in a

collapsed state through the oral aperture, and thrust into the

body-cavity with the aid of a blunt instrument. The balloon
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was then partially filled with water and the long limb of the

tube placed vertically. The water stood in the tube at a level

of 2 or 3 cm. above the level of the water surrounding the

animal. On stimulating the skin there was a marked rise of

pressure, the water in the tube reaching levels of, e. g. 10, 14,

and 17*5 cm. in various cases. In many cases Cuvieriau

organs were extruded; if this happened it was always when
the pressure approached its maximum. In those instances

where the pressure reached or exceeded about 17 cm., there

was partial elongation of the organs extruded. It is probable

that the operation of introducing the sound so upset the

nervous system as to interfere with the reflex contraction,

and thus the pressure reached was insufficient to cause com-

plete elongation of the Cuvierian organs. It is certain, how-

ever, that a rise of pressure in the body-cavity precedes aud

accompanies the discharge of the Cuvierian organs, and that

even in the injured animal the magnitude of this pressure

approaches that needed to elongate an excised Cuvierian

organ.

The experiments recorded in this uote seem to me to afford

evidence in support, of Herouard’s view as to the mode of

discharge of the Cuvierian organs.

I wish to thank Dr. Cresswell Shearer for his kindness in

lending me photographic apparatus for this work.

August, 1911.
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On the Histological Structure of the Retina of
the Lateral Eyes of Sphenodon punctatus,
with Special Reference to the Sense-cells.

By

Freda B:»ge, HI.Sc. (Melbourne), F.L.S.
(From tlie Zoological Department, King's College, University

of London.)

With Plates 27—29.

I. Introduction.

The following work on the structure of the retina in

the lateral eyes of Sphenodon punctatus has been done

in the Zoological Department at King’s College (University

of London), at the suggestion and with the help of Professor

Dendy. I have to thank him both for his help and advice

throughout, and for the use of his valuable collection of

Sphenodon material. I have not only had a considerable

number of eyes at my disposal, but I found them in an

excellent state of preservation for histological work. 1

should like here to thank, also, Mr. R. W. H. Row, R.Sc., for

his kindness in taking photographs. The investigations are

based entirely on microscopical preparations made from this

already preserved material. No fresh material has been

available, and for this reason I have found it advisable to

confine the detailed work for the most part to the structure

of the visual cells, dealing, as regards the remainder of the

retina, only with those parts which are visible without

special treatment for nerve-fibres.
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The structure of the retina of various vertebrates has

engaged the attention of many workers, especially during the

last eight or ten years. The greater part of the work (apart

from that on the human eye) has been done on amphibians,

while a certain number of papers have also been published

dealing with birds and fishes. So far as I have been able to

ascertain very few investigations have been made on reptilia

of any kind.

As the literature of the visual cells in vertebrates generally

has been fully discussed by Howard
(
19

)
as recently as 1908,

it is unnecessary to enter into historical details in this

paper.

A paper dealing with the lateral eyes of Splienodou was

published by Osawa (23) in 1898. So far as the description

of the structure of the retina goes, I find that my results do

not agree with his at all. He begins by stating that, unlike

other Eeptilia, Sphenodon possesses in its retina both rods

and cones, and that oil-globules occur in both. His figures

are very unconvincing and wanting in detail. So far as I

can make out from them, and from the text, he regards as

cones only the large flask-shaped cells which are generally

described as the “near cones” of the “double cones.” He
says be must leave undecided the question whether or not

these are to be regarded as “ Hauptzapfen ” (i. e. near

cones). He figures an oil-globule in the “ Hauptzapfen,”

which certainly does not exist in the near cones, and he calls

the paraboloid the ellipsoid. How it is generally admitted,

by those who have worked at the subject, that the cones of

certain groups of vertebrates possess oil-globules, but that

the rods never do. Osawa, however, describes as rods sense-

cells which possess oil-globules, but are of a somewhat

different shape and size from those which he figures as cones.

These so-called rods (Stabchen) are what I shall speak of

later as ordinary single cones. He also finds some inter-

mediate forms which he calls “ doubtful cones or rods,” and

these are probably the small forms which I suppose to be

small single cones. He states that he finds cones grouped in
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pairs (presumably double cones) in isolation preparations,

but very seldom joined together to the foot. All these

sense-cells resemble so closely the generally accepted types

of cones in other forms, that it seems unnecessary to regard

Sphenodon as an exception to the general rule in Reptilia

that cones only are present without rods.

Further, Osawa states that he could not find any distinct

“area* centralis
”

(i. e. macula lutea). I find, on the

other hand, that the macula lutea is well developed and

possesses a perfectly distinct fovea centralis as shown in figs.

1 and 2. Kallius (20) has since, in answer to Osawa,

described and figured a well-formed u area centralis” in

Sphenodon. He mentions that rods are present in the

central fovea very closely packed together, but the oil-

globules show these to be really cones. His photograph of

the area centralis quite closely resembles the appearances I

have seen. Osawa (24), in reply, states that he has seen the

“ area centralis ” mentioned by Kallius, but in his subsequent

account he still appears to think it coincident with tlie blind

spot. That this is not the case will be seen in my fig. 1

.

Kallius’ material does not appear to have been in a very

good state of preservation, and he gives no histological

details as to the structure of the retina.

II. Methods.

When this work was begun all the available paired eyes of

the specimens used by Professor Dendy for his memoir
(
8

)
on

“ The Pineal Organs and Adjacent Parts of the Brain in the

Tuatara (Sphenodon punctatus)” had, as I have above

stated, been already fixed and preserved. The material may
be classified as follows.

(a) Flemming Material.—The eyes of Sphenodon V1

1 The numbers are those given by Professor Dendy in the memoir
referred to, p. 231, but the lateral eyes were in all cases removed and
preserved quite separately and sometimes by different methods from
those employed by Professor Dendy in liis own investigations.
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had been preserved in Flemming's solution, and two of these

were cut. They gave very good results so far as the shape

of the visual cells is concerned. There was apparently little

or no slirinkag*e, but I find that sections of material fixed in

this way do not stain readily, owing, of course, to the osmic

acid employed. The most useful results with this material

Avere obtained by staining in bulk Avith borax carmine, and

on the slide Avith brazilin. There is very little differentiation

in colour by this method, the sections being of a brownish

tint for the most part; but the nuclei throughout are Avell

marked, their chromatin showing most distinctly, and the

paraboloids of the sense-cells staining Avith a slight pink

tinge in contrast Avith the rest of the sections. The oil-

globules are, of course, quite black, owing to the osmic acid,

and the outer segments sIioav good detailed structure and are

not much broken, though somewhat shrivelled.

Iron-liasmatoxylin gives fair results, the nuclei being Avell

stained and of a bluish tinge, but the different parts of the

sense-cells are not Avell differentiated.

On some of this material, AAdiich had not been previously

stained in bulk, I tried a ready-made “ Weigert Pal" stain

obtained from Grubler. It Avas not possible to subject the

already hardened and preserved material to all the pre-

liminary processes which form a part of this method, and the

sections obtained, though they Avere useful, were practically

unstained, and resembled those cut and mounted Avithout any

staining on the slide, being of a yelloAvish tinge with black

oil-globules and outer segments. I made use of them,

however, because the nerve-fibrils of the various cells, though

unstained, Avere unusually distinct.

(b) Zenker Material.—The paired eyes of Spheno-

don III, Avhich had been fixed in Zenker's fluid, were

excellent for the general histology and cytology of the

sense-cells. The eyes Avere stained in bulk Avith borax

carmine and various other stains Avere used on the slide.

Picro-indigo-carmine gave excellent results, differentiating

the various layers and cells in shades of green and red. The
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finer details of the cones were clearly expressed, the para-

boloid, the ellipsoid and the outer segment all staining iu

different tints as will be described in due course.

Picro-nigrosine, though rather erratic in its staining effects,

was in places excellent, and some of my best sections were

prepared in this way, the details showing well in red and

grey colours.

The oil-globules remained unstained in all these prepara-

tions.

(c) Aceto-bi chromate Material.—The eyes of Splieno-

don VI had been fixed in acetic bichromate of potash and

proved most satisfactory. The layers of the retina separated

less than in the case of material fixed in the other fluids. The

sections stained readily and their histology was excellent.

My most successful preparations were those stained in

bulk with borax carmine and on the slides afterwards with

picro-indigo-carmine, when the general appearance was as in

those fixed in Zenker’s fluid.

The oil-globules remained unstained after acetic bichro-

mate as after Zenker.

I should like to take this opportunity of expressing my
indebtedness to Mr. Charles Biddolph, Prof. Dendy’s labora-

tory assistant, for his skilful assistance ill preparing the

sections.

III. Descriptive and Critical Account of the Retina,

a. General Account.

The retina of the preserved eye, as in other animals, very

readily separates into two layers, the pigment epithelium

remaining attached to the choroid and the inner portion

shrinking away from it.

On cutting the eyeball at right angles to the optic axis and

looking at the inner surface of the posterior half, a small pit

can be distinctly seen lying near the optic axis and at a

distance of about 3*5 mm. from the point of entrance of the
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optic nerve. The pit is seen in sections to be a well-developed

central fovea (136 jx deep at its centre), with a rather less

well-marked though still distinct macula lutea surrounding

it. The optic nerve has the usual position and relations,

and both it and the yellow spot are clearly shown in fig. 1.

An examination ot' vertical sections shows the usual eight

layers of the vertebrate retina all well developed and with

the normal characteristics. The retina is thickest around

the central fovea, in the region of the macula lutea, and from

there gradually decreases in thickness in all directions

towards the ora serrata, where it changes its histological

character, and the pars ciliaris retinae, consisting of columnar

cells and a layer of pigment, begins (fig. 13).

The thickness of the retina is as follows :

(1) In the fovea centralis, 204 /x; (2) in the macula lutea,

306 n; (3) half way between the fovea and the ora serrata,

237 fx ; (4) in the pars ciliaris, 17 /x.

As usual in the lower vertebrates no blood-vessels are

present in any part of the retina. Quain (32) states that the

Chelonia form an exception to this rule—an interesting fact

in view of the supposed relationship between this group and

the Rhynchocepliala.

We may now consider the histological structure of the

different layers of the retina separately.

(1) Nerve- fibre Layer (numbered 1 in figs. 2, 4 and 12).

Nerve fibres, of course, branch out from the optic nerve

(fig. 1, o.n.) in all directions from its point of entrance,

forming a very definite layer on the inner surface of the

retina (figs. 4 and 12, I). This becomes thinner and thinner

towards the front of the eye, disappearing altogether at the

ora serrata (fig. 13, or.s.). The nerve-fibre layer is also

absent from the central fovea (fig. 2, fx.) and is extremely

thin over the macula lutea, where most of the other layers

thicken around the central fovea (fig. 2, 1 ). One very

definite band of nerve-fibres may be seen with the naked eye

on the inner surface of the wall of the eyeball, commencing
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at the blind spot. It ramifies over the retina, gradually

diminishes in size, and disappears as it gives off its branches.

In sections cut through and parallel with the optic axis this

main trunk is seen to be from two to four times the thickness

of the nerve-fibre layer over the rest of the retina. The

aggregation of the nerve-fibres in bundles is very distinct

throughout the retina (fig. 12, n.f.b.). In all parts of the

retina, so far as I could ascertain, the nerve-fibres are

non-medullated.

(2) Ganglionic Layer (numbered 2 in figs. 2, 4, 12).

Though forming a definite and fairly regular layer, the

actual ganglion cells are of various sizes and shapes, and

some of their nuclei stain much more deeply than others. In

a few cases only were the branches of the cells seen passing

into the inner molecular layer, and the nerve-fibre passing

out from the ganglion cell was also seen onlv occasionally.

This was due again to the method of staining, which was

adapted more to the cytological investigation of the visual

cells, and was not suitable for the nerve-fibres.

The distribution of the ganglion cells over the retina is

easily determined by the position of the well-stained nuclei.

They are scattered very irregularly round the entrance of

the optic nerve in a single layer only. In all directions

round this irregular part they are placed side by side

together, but still in a single layer (figs. 4 and 12, n.g.c.).

This becomes irregular again towards the ora serrata (fig. 13,

n.g.c.), and then ceases altogether in the pars ciliaris (fig. 13,

'p.c.r.). A special arrangement of the ganglion cells is found

over the macula lutea where the layer becomes double (fig. 2,

m.l. 2). In one or two sections there appear to be even

four layers in this neighbourhood, but the latter appearance

is, I think, due to the sections being somewhat oblique.

Towards the centre of the yellow spot the double layer

becomes single (fig. 2, 2), and in the central fovea itself

(fig. 2, f.c.) the ganglion cells are very much scattered, only
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four or five showing in each section at long distances from
one another.

(3) Inner Molecular Layer (numbered S in figs. 2,

4,11,12).

This is composed, as usual, of masses of fibrillse, the trans-

verse sections of which give the characteristic punctate

appearance seen in sections (tigs. 11 and 12, S). This layer

is present throughout the retina proper, decreasing gradually

in thickness towards the ora serrata, where it ceases. In the

fovea centralis (fig. 2, f.c.) it diminishes to about two

thirds of the thickness which it has over the general part of

the retina.

(4) Inner Nuclear Layer (numbered 4 hi figs. 2, 4, 11).

This layer, in thickness usually about the same as the

inner molecular layer, contains numerous deeply staining

nuclei of three kinds, easily distinguishable from one another

by their size, shape, and staining properties. All three kinds

are commonly seen in this layer (Quain, 32 ).

(a) Spherical nuclei which stain very deeply (figs. 4,

11, n.b.). These are present in by far the greatest numbers,

and are the nuclei of bipolar nerve-cells. In a few cases their

attached fibres can be seen.

(b) Much larger spherical nuclei which stain less

deeply and belong to multipolar nerve-cells (figs. 4, 11, n.m.).

(c) Oval nuclei about the size of (a) (figs. 4, 11, n.m.f.).

They take the stain very deeply, and are always placed with

their length at l-ijfht angles to the surface of the retina.

These are the nuclei of the supporting Muller’s fibres (m./.)

in which they lie.

Over most of the retina the inner nuclear layer is from

36-40 /x in thickness, gradually decreasing towards the ora

serrata. At the macula lutea (figs. 1 and 2) there is an

enormous increase in the number of cells present, and the

thickness of the layer becomes rather more than doubled. It
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decreases again at the central fovea to about 30 ji ,
and here

there is a proportionately larger number of multipolar nerve-

cells.

(5) Outer Molecular Layer (numbered 5 in figs. 2 and 4).

This is similar in appearance to the inner molecular layer,

being made up of a network of fibrils. In this case, however,

the fibrils come from the visual cells, and interlace with pro-

cesses from the bipolar and multipolar nerve-cells of the

inner nuclear layer. The outer molecular layer, though very

definite, is much less thick than the inner molecular (measur-

ing about 15 fx), and unlike the latter does not vary appreciably

in thickness over the whole retina up to the ora serrata,

including the macula lutea and fovea centralis (fig. 2).

(6) Outer Nuclear Layer (numbered 0 in figs. 2, 4).

The cells here are much more definitely arranged than

those of the inner nuclear layer. The whole thickness is from

one half to one third that of the latter, and only two kinds of

nuclei are present. The chief of these are those of the visual

cells (figs. 4, nuc.) y
which form a more or less regular single

layer towards the outer limit. They are somewhat larger

than any of the nuclei of the inner nuclear layer, distinctly

oval in shape, and in most of my preparations have very

distinct chromatin granules, and sometimes show a definite

nucleolus. In many cases (fig. 7, c.n.) the cytoplasm is

seen to be continued from the inner segment of the cone as a

thin investment over the nucleus, and from this a distinct

fibril (fig. 7, c.c.f.) passes through the thickness of the whole

layer to ramify in the outer molecular layer (fig. 7, r.c.f.). The
shape and position of these nuclei vary somewhat according to

the size of the cones, those (fig. 8, nucJ2
)

of the extremely

small cones, with which we shall deal presently, being

more pointed at their outer ends and further away from
the membrana limitans externa than those of the ordinary

single and double cones, which almost or quite touch the
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external limiting membrane, so that their outer ends become

somewhat flattened (fig. 7, nuc .
1>3 ’ 4). In tangential sections

the nuclei of the cones are seen to be connected by a syncytial

network of protoplasm (fig. 10, syn) formed by the extension

of the cytoplasmic investment of each. Bernard
(
3

,
4

, 5),

regards the retina as composed not of cells, but of a syncytium

in which the nuclei are arranged in layers. The cytoplasm

connecting the nuclei of the cones in Sphenodon certainly

forms a network, but at the same time the connection of the

nuclei with the inner segments is so definite that I must agree

with most writers that the sensory epithelium is a definite

layer of cells whose nuclei are situated in the outer nuclear

layer. Each member of one of the so-called double or twin

cones has a nucleus which does not differ perceptibly in shape

or size from those of the ordinary single cones (figs. 7,

nuc ,
3,4

).

The second kind of nucleus present in the outer nuclear

layer attracts attention at once. They are rounded and

arranged in a more or less definite single layer close to the

junction with the outer molecular layer (figs. 4 and 7, n.d.b.).

Each is surrounded by a definite space, due doubtless to

shrinkage, and resembles in appearance the nucleus of one of

the bipolar cells of the inner nuclear layer (figs. 4, 11, n.b.).

According to various authors these nuclei are to be regarded

as belonging to bipolar nerve-cells which have migrated

from the inner to the outer nuclear layer. Gaupp
(
30

)
figures

them in the frog’s retina, and calls them “Versprengte

Bipolare.” I could find no trace of fibrils coming from them,

even in the preparations which showed fibrils in other parts,

but owing to the nature of my material this proves nothing

as to the existence or non-existence of such fibrils.

The outer nuclear layer is bounded on its outer aspect by

the membrana limitans externa (figs. 2, 4, 5, 8, etc., m.l.e.),

appearing in vertical sections as a very definite, darkly stain-

ing line, and formed according to most authors by the outer

parts of the Muller’s fibres.
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(7) Layer of Cones (numbered 7 in figs. 2 and 4).

There are no rods present in Sphenodon, in which respect

this animal agrees with lizards, snakes, and tortoises. Indeed

the absence of rods is common to all reptiles, as stated by

Gatngee (29). The cones are of several distinct kinds, both

single and double being present in large numbers, and in

some cases much smaller ones (figs. 8, S.S.C.) occurring

between the ordinary single ones (fig. 8, O.S.C.). This layer

is, of course, made np only of those parts of the visual cells

which project beyond the membrana limitans externa, the

portions which contain the nuclei lying in the outer nuclear

layer, as already stated. It is continuous over the Avhole of

the retina proper (except, of course, the blind spot). The

cones measure in length from 37 to 50 jj. ,
the different sizes

being intermingled with one another over the greater part

of the retina as shown in fig. 5. Towards the ora serrata

they become shorter and thicker, and gradually diminish in

number until they completely disappear in the pars ciliaris.

Over the macula lutea they are somewhat longer and corres-

pondingly thinner than in any other part, and more closely

packed together. As might be expected the most densely

packed cones are the longest and narrowest, so that at the

central fovea there are fifteen cones to every six in the main

part of the retina, the corresponding number in the macula

lutea around the central fovea being eight.

Over the macula lutea the pigment epithelial layer of the

retina, usually so easily separated, remains attached to the

cones, as clearly shown in figs. 1 and 2.

(8) Layer of Pigment Epithelium (numbered 8 in

figs. 2 and 4).

Each cell of this layer consists of an outer portion which

abuts against the choroid, from which it is separated by a

very distinct membrane, and an inner portion broken up into

long processes (fig. 4, p.p.) which pass inwards between the

outer segments of the cones. The outer portions fit closely

VOL. 57, PART 3. NEW SERIES. 23
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together as a pavement epithelium
;

the boundaries between
them being pentagonal and hexagonal and very distinct (fig.

14, c.w.). This part of each cell contains the nucleus (figs. 4

and 14, n.p.e.c.) with a very distinct nucleolus (fig. 14, nucl.),

and the surrounding cytoplasm is free from pigment, but

exhibits a curious “ curdled ” appearance as if broken up into

irregular blocks (figs. 14, bl.p.). The inner portions are

made up of long and slender threads, each containing a great

number of pigment granules. The latter often remain

attached to the outer segments of the cones when the pigment

layer has been torn away (fig. 5, p.g.).

(9) The Supporting Structures of the Retina
(figs. 4, 5, 6, 7, 8, 11, 12, 13).

Muller’s fibres support the various layers of the retina and

pass from the innermost or nerve-fibre layer to the bases of

the cones. Inside the nerve-fibre layer they spread out into

trumpet-shaped bases (fig. 12, m.f.b.) }
which unite to form a

definite layer over the inner surface of the retina. This is

the membrana limitans interna (figs. 2, 4, 12, etc., m.l.i.).

The fibres (fig. 12, etc., m.f.) pass up between the ganglion

cells and through the inner and outer molecular and nuclear

layers, and finally spread out again to form a membrane (fig.

4, etc., m.Z.e.), comparable with the internal limiting mem-
brane, which covers the outer surface of the outer nuclear

layer, and through which the cones project. Small projec-

tions (figs. 5, 6, p.m.f.) extend between the cones beyond the

external limiting membrane, and these probably serve to

support the bases of the cones. The nuclei of Muller’s fibres

are situated in the inner nuclear layer (fig. 11, n.m.f.). They

are large, oval in shape, and stain quite readily and darkly.

Verhoeff (28) contends that the external limiting mem-
brane is not formed from Muller’s fibres, but is a product of

the embryonic cells which became converted into the rods and

cones. His work was done on the human eye, and I am
not in a position to state whether the same is the case in
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Sphenodon, in which, however, I have found no reason to

doubt the correctness of the older interpretation of the

membraua limitans externa as being formed from the Muller’s

fibres.

b. Detailed Account of the Sense-Cells.

Sphenodon appears to form no exception to the rule that cones

only are present, to the exclusion of rods, in the reptilian

retina. It is generally admitted that oil-globules do not occur

in rods, but they are present in nearly all the visual cells in

Sphenodon. The only ones iu which there are no oil-globules

are the larger members of the double or twin cones—i.e. the

so-called near cones—and these have other distinctive

characteristics which mark them out as cones, viz. their

association with the smaller members to form the well known
pairs, and their very characteristic shape. There are three

very definite kinds of cones in Sphenodon, viz. the smaller

and larger single cones and the double cones. The two

members of the latter, though always associated, have so

many differences that they may be conveniently considered

separately. I shall classify the cones, then, as follows :

(1) Ordinary single cones; (2) small single cones; (3)

double cones— (a) near cones, (b) far cones.

In the fovea centralis only cones of the first type are

present, densely packed together, and somewhat longer and

more slender than in other parts of the retina. Iu the

macula lutea, outside the fovea, a few double cones are

present also, and the single ones are less closely packed, the

number in a given space being only about half what it is in

the central fovea. Over the main part of the retina (fig. 5),

many more double cones are present, though they are still

less numerous than the single ones, there being only about

one double cone to every two ordinary single ones. Ordinary

single cones only are present towards the ora serrata, where
they gradually become shorter and thicker and finally

disappear altogether.
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(1) The Ordinary Single Cones (figs. 3-9).

These are most numerous. The outer segments (figs. 4, 5,

o.s.
1
)

are conical in shape and in most of my preparations

are more or less broken up into what appear to be flat,

plate-like discs (fig. 5, d.o.s.). In quite a number of cases,

however, part of the outer segment has the appearance of

a closely wound spiral of two parallel threads (fig. 6, [b],

s.o.s.). This is only the case with the inner half of the outer

segment, i. e. the half next the oil-globule, and in these

cases the outer half still appears as if broken up into discs

(fig. 6 [b], d.o.s.). It is in preparations of the eye fixed in

Flemming’s solution (fig. 6) that the spiral, black in colour

owing to the osmic acid in the solution, is to be seen, and it

seems to be due to shrinkage. Acetic bichromate material

does not show it, only the discs being visible here in all

parts of the outer segments (fig. 5, d.o.s.). They stain very

slightly after this fixation, becoming pale yellowish in colour

after picro-nigrosine or picro-indigo-carmine.

A great deal of controversy has taken place over the

structure of the outer segments of the visual cells of verte-

brates. All workers are agreed in finding them very unstable,

and no doubt the varying results obtained are due to the

different appearances assumed after treatment of the various

retinas with different fixing fluids and stains.

Two main views are held as to the structure of the outer

segments of cones. Many preparations have been obtained

which show them broken up into cross discs (as in fig. 5, d.o.s.).

This is given in the various text-books (Gamgee 29
,
Halli-

burton 31
,
Quain 32 ). Heineraann

(
14

)
describes an annular

breaking up into transverse plates in the outer segments

of the cones in Chelonians, and Dogiel
(
11

)
states that the

outer segments are ringed in some cases in Ganoids. The

appearance seen in some of my preparations (fig. 6 [b],

s.o.s.) ,
gives rise to another view, viz. that the outer segments

are spiral. Hesse
(
15

)
gives an interesting historical resume
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of this theory. The spiral has been regarded by some as

continuous with longitudinal fibrils in the inner segment of

the visual cell (Ritte, 1891), by others as distinct from the

inner segments and having no connection with it (Krause,

1895). Hesse himself writes of a double spiral twisting in

bony fishes, amphibians and reptiles, but could not trace the

end of it. Howard
(
18

)
describes a well marked axial core

in the outer segment of each rod in the retina of various

vertebrates. These rods in the fresh state showed transverse

banding. In a later paper
(
19

)
he figures a spiral appearance

of the outer segments of certain cones in Necturus, and

regards it as possibly due to the irregular separation of the

transverse discs by vacuoles.

Bernard
(
2

,
3

,
4

,
5

)
holds an entirely different view as to

the structure of these outer segments. They are, according to

him, irregular masses of protoplasm, squeezed out from the

inner segments of the rod or cone-cells, and passing between

the processes of the pigment epithelium. He only gets these

results in certain preparations, and his figures suggest that

they are due to imperfect fixation of his material.

Between the outer and inner segments of the ordinary

single cones in Sphenodon is a large globule of a fatty or

oily nature which turns black with osmic acid, i.e. in Flemming

preserved material (figs. 4, 6, 7, 8, o.g.). Such oil-globules

are well known to be characteristic of the cone-cells of birds,

reptiles and amphibians (Schafer, 33 ). After fixing with

Zenker's fluid or acetic bichromate the oil-globule remains

unstained with all the stains I have used (fig. 5, o.g.).

The inner segment of the cone is somewhat cylindrical in

shape, and contains the ellipsoid and the paraboloid. The
former lies next to the oil-globule, and the latter nearer the

membrane limitans externa. The ellipsoid differs much in

detailed appearance according to the method of preparation.

In material fixed in acetic bichromate and stained with picro-

nigrosine it has a slightly granular appearance, and is pos-

sibly vacuolated (fig. 5, ell.1). In osmic acid (Flemming)

material it has a denser and much more uniform appearance
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(figs. 4, 6, 7, ell}). It is less definite in shape than the

paraboloid, and in some preparations both the oil globule and

paraboloid press in on each side causing the ellipsoid to

become biconcave (fig. 5, ell}).

In transverse section the ellipsoids are somewhat penta-

gonal in shape, owing to the pressure of the cones agaiust

one another. In one preparation (fig. 9, ell}), fixed with

acetic bichromate and stained rather deeply with picro-

indigo-carmine, the ellipsoids of the ordinary single cones

are stained dark green in colour and show no vacuolation.

The paraboloid (figs. 4, 5. 6, par.1

)
is very definitely oval

in shape and is bounded by a thick wall (figs. 5 and 6, w.p.),

which stains distinctly. In the picro-nigrosine preparations

(fig. 5) it is purple in colour. The contents of the paraboloid

stain much less readily, though in all cases there appears to

be a slight coagulation which can sometimes be resolved into a

network of fibrils (figs. 5, 6 and 7,f.n.). A definite basal

part of the cone (figs. 5 and 6, b.c.) is seen between the

paraboloid and the external limiting membrane. It is some-

what granular in appearance in the picro-nigrosine sections

and simply forms the ground-work or supporting structure

in which the paraboloid is embedded, this basal cytoplasm

being continuous with that passing over the nucleus

(fig. 7, c.n.) into the cone-cell fibril. When the cone is cut

through its long axis it is seen that the paraboloid almost, or

quite, touches the nucleus (fig. 7).

The size of the ordinary single cones varies somewhat in

different situations. Over the greater part of the retina they

measure about 40 p in length. In the fovea centralis, where

only cones of this type are present, they are, as already

mentioned, very densely packed and somewhat longer and

more slender, those of the macula lutea outside the central

fovea being intermediate in size and form.

(2) The Small Single Cones (fig. 8).

Quite small cones (fig. 8, S.S.G.) are to be seen here and

there among the ordinary single ones. These, in spite of
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their small size, have much the same structure as the ones

described above. Their nuclei (fig. 8, mtc. 2
), however, as

mentioned before, are quite distinct in shape and position

from those of all the other cones. Fig. 8 shows two of

these small cones. The larger one (c) has a well formed oil

globule, ellipsoid, and paraboloid. The smaller
(
d

)
shows

the ellipsoid, but neither oil globule nor paraboloid, which

have probably been missed owing to the plane of section. 1

These small cones may possibly be young ones which are

thrusting themselves up between the old ones, but there is

no evidence to show how new sense-cells really originate.

In this connection I may point out that, according to

Bernard (2), the cones in other forms are merely stages in

the development of the rods.

(3) The Double Cones (figs. 3, 5, 7, 9).

The so-called double or twin cones are paired structures, each

pair consisting of a large “near cone” and a small “far cone,”

always found in conjunction with one another. Both “ near ”

and “far” cones differ considerably in size, shape and minute

structure, not only from the ordinary and small single cones

but also from one another. Double cones are much less

numerous than the ordinary single cones, there being* about

half the number over a given area.

In a paper published in 1900, Eigenmann and Shafer
(
13

)

point out that in many fishes distinct patterns are found by

the arrangement of the double and single cones. Certain

arrangements of these cones are apparent in the retina of

Sphenodon, notably liorse-slioes of single cones arranged

round a double one (fig. 9, j). This pattern is present in

many parts of the retina, but so many other apparently

irregular arrangements occur also that one cannot say that

the cones are arranged on any definite mosaic in this case.

(a) The near cone (figs. 5, 7, and 8,N.C.) is very much
larger than the ordinary single cone, the difference in size

1 The outer segment also is not shown in either case.
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concerning especially the inner segment, for the outer seg-

ments of all the cones (fig*. 5, o.s.1>3» 4
)

are practically alike.

The entire cone is flask-shaped with a strongly swollen inner

segment, both paraboloid and ellipsoid being of relatively

enormous size. No oil globule is present. The ellipsoid is

less definite in shape even than that of the ordinary single

cone
;

it is very strongly vacuolated in appearance, and fine

dots are present (fig. 5, ell.
3
), which are in all probability

the points where the walls of the vacuoles meet one another.

Towards the distal end of the ellipsoid the vacuoles are much
larger, though they still appear to be arranged irregularly.

A more definite arrangement of vacuoles is seen in transverse

section. On the side of the ellipsoid nearest to the stalk of

the far cone they sometimes appear to be arranged in a single

row (fig. 9, e.). If the section happens to pass through the

distal portion of the ellipsoid they may appear as shown in

fig- 9 (/)•

The paraboloid measures 15*5 ji in length, nearly twice

the length of that of the ordinary single cones. It has a

thick wall like that of the paraboloids of the single cones,

except at the distal end, where the wall at first sight appears

to be missing*, so that the ellipsoid seems to rest as upon

the open mouth of a cup (fig. 5, w.p.t.) ;
but there is probably

a thin wall to the paraboloid even here. The contents of the

paraboloid stain in various ways. With picro-nigrosine after

fixation with acetic bichromate (fig. 5), a slightly staining

coagulum becomes visible, purplish in colour. The Flemming
fixed material, unstained or with the Weigert Pal stain, 1

shows the contents more definitely coagulated, forming a

yellowish network in which the nodes show as dark spots

(fig. 7 In the same material, stained on the slide with

brazilin, after being stained in bulk with borax carmine, the

paraboloids of these cones became a distinct pink colour,

while those of the others remained practically colourless.

The connection of the inner segment of these cones with

the nucleus takes place as in the case of the ordinary single

1 See ‘‘Methods,’* p. 308, for explanation of this preparation.
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cones, the nucleus (fig. 7, nuc .
3
)
being oval and having its

outer extremity more or less flattened against the paraboloid

itself.

(
b

)

The far cone (figs. 5, 7, F.G.) is modified in several

ways. The outer segment (fig. 5, o.s.4
)

is of the same

structure as that of the various other cones. An oil globule

is present as in the ordinary single cone, and the ellipsoid

(figs. 5, 7, 9, ell.
4
), in detailed structure, also resembles

that of the single cones rather than that of the more modified

near cone. No paraboloid is present, its place being taken

by a definite stalk (figs. 5, 7, 9, St. F.C. ), connecting the

distal portion of the cone with its base in the outer nuclear

layer. In longitudinal section (vertical section of the retina)

this stalk appears as a fiue thread, but when seen in trans-

verse section the arrangement is much better understood.

The stalk (fig. 9, St. F.C.) is then seen to be flattened against

the near cone, and to be spread over one side of the latter

like a sheath, as shown in fig*. 9 (g ). In many of these flattened

stalks definite fibrils can be seen cut in transverse section,

as shown in fig*. 9 (h), and these no doubt support the stalk.

The far cones have each a definite nucleus, as have the near

ones, and thus the double cones have each two distinct nuclei.

These were distinguishable in most cases and I have no doubt

that two are always present. Howard
(
19

,
p. 619) also dis-

tinguishes two nuclei in Necturus in a great many cases, and

does not agree with Scliultze, who states that one nucleus is

present in the double cone.
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EXPLANATION OF PLATES 27—29,

Illustrating Freda Bage's paper “On the Histological

Structure of the Retina of the Lateral Eyes of

Sphenodon punctatus, with Special Reference to

the Sense-Cells.

”

Reference Letters.

/. Nerve-fibre layer of retina. 2. Ganglion-cell layer of retina. 3.

Inner molecular layer of retina. 4. Inner nuclear layer of retina. 5.

Outer molecular layer of retina. 6“. Outer nuclear layer of retina.

7. Layer of sense-cells. 8. Layer of pigment epithelium. D.C. Double
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cone. F.C. Far cone of double cone. N.C. Near cone of double cone.

O.S.C. Ordinary single cone. S.S.C. Small single cone. St. F. C. Stalk

of far cone. b.c. Base of cone. hi. p. Protoplasm arranged in blocks.

h.s. Blind spot. b. v. Blood-vessels, c. c./. Fibril from cone-cell. cli.

Choroid, chr. Chromatin granules, c. m. Multipolar nerve-cell. c. n.

Cytoplasm of cone passing over nucleus, c. w. Cell- wall. d. o. s. Discs

into which outer segment is broken up. ell. Ellipsoid of cone, ell. 1

Ellipsoid of ordinary single cone, ell.- Ellipsoid of small single cone.

ell.
:i Ellipsoid of near cone of double cone. ell? Ellipsoid of far cone of

double cone. /. c. Fovea centralis, f. n. Network of fibrils in para-

boloid. i. s. Inner segment of cone. m. /. Muller's fibre, m. f. b.

Trumpet-shaped base of Muller's fibre, m. 1. Macula lutea. m. 1. 2.

Double layer of ganglion cells at the macula lutea. m. 1. e. Membrana
limitans externa, m. 1. i. Membrana limitans interna, n. b. Nucleus

of bipolar nerve-cell. n. c. c. Nucleus of columnar cells of pars ciliaris

retinae, n. d. b. Nucleus of displaced bipolar nerve-cell. n.f. b. Bundle

of nerve-fibres, n. g. c. Nucleus of ganglion-cell. n. m. Nucleus of

multipolar nerve-cell. n. on. f. Nucleus of Muller’s fibre, n. p. e. c.

Nucleus of pigment epithelial cell. oiuc. Nucleus of cone cell, nuc

}

Nucleus of ordinary single cone, nuc.- Nucleus of small single cone.

nuc. 3 Nucleus of near cone of double cone. nuc. 4 Nucleus of far

cone of double cone. nucl. Nucleolus, o. g. Oil-globule of cone. o. n.

Optic nerve, or. s. Ora serrata. o. s. Outer segment of cone. o. s.
1

Outer segment of ordinary single cone. o. s

?

Outer segment of near

cone of double cone. o. s.
4 Outer segment of far cone of double cone.

par. Paraboloid of cone, par. 1 Paraboloid of ordinary single cone.

par.- Paraboloid of small single cone, par? Paraboloid of near

cone of double cone. p. c. r. Pars ciliaris retinae, p. e. c. Pigment
epithelial cells, pg. Pigment, p. m. f. Part of Muller’s fibre which

projects beyond the membrana limitans externa, p. p. Pigment

processes from pigment epithelial cells, r. c. f. Ramifications of cone

fibril in outer molecular layer, ret. Retina, scl. Sclerotic, s. o. s.

Spiral part of outer segment of cone. syn. Syncitial network con-

necting the bases of the nuclei of the cone-cells, w. p. Wall of para-

boloid. w. p. t. Thin part of wall of paraboloid in near cone of double

cone.

PLATE 27.

[All the figures are from photographs of preparations of the retina

of Splienodon punet atus kindly taken for me by Professor Dendy
and Mr. R. W. H. Row.

Fig. 1.—Wall of the eyeball cut through the entrance of the optic

nerve and the macula lutea. The sclerotic and choroid layers are
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shown and the several layers of the retina. The pigment is separated

from the other layers except at the macula lutea. The central fovea is

cut a little to one side. From an eye fixed by acetic bichromate and

stained with Ehrlich’s liaematoxylin . X 20.

Fig. 2.—Vertical section through a portion of the choroid and of

the retina, showing the arrangement of the various layers of the retina

at the fovea centralis and the surrounding macula lutea. From an eye

fixed with acetic bichromate and stained in bulk with borax carmine,

and on the slide with picro-indigo-carmine. X 160.

Fig 3.—Tangential section through part of the retina, showing the

pigment epithelial layer and the layer of cones cut at various levels.

Acetic bichromate material, stained heavily with picro-indigo-carmine.

X 560.

PLATE 28.

[All the figures are from drawings of preparations of the retina of

Sphenodon punctatus. They have been outlined in every case by

camera lucida.]

Fig. 4.—Portion of a vertical section, half way between the macula

lutea and ora serrata, to give a general view of the arrangement of the

various layers of the retina. The preparation was from material fixed

with Fleming’s solution, stained in bulk with borax carmine and on the

slide with brazilin. x 440.

Fig. 5.—Vertical section through the layer of cones, showing nine

cones, six of which are ordinary single ones, three double. Of two of

the latter, however, only the near cone is in focus. The preparation is

from material preserved in Zenker’s fluid, stained in bulk with borax

carmine and on the slide with picro-nigrosine. X 1120.

Fig. 6.—Two ordinary single cones to show the structure of the

outer segments. The outer segment of (a) is broken up into transverse

discs, while that of (b) shows the spiral twisting sometimes seen in the

inner half of the outer segment. The preparation is from material

preserved in Flemming, and stained with an attempt at the Weigert

Pal method (see “ Methods,” p. 308). x 1120.

Fig. 7.—One ordinary single and one double cone to- show their

general structure and the arrangement of their nuclei and fibrils in the

outer nuclear layer. The outer segments have been broken away in

the course of preparation. Staining as for fig. 6. x 1120.

Fig. 8.—Portion of layer of cone-cells to show position and structure

of two small single cones, (c) and (
d), and their nuclei in relation to the

ordinary single and double cones. No outer segments are shown.

Staining as for fig. 6. x 1120.
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Fig. 9.—Tangential section of portion of tlie cone-layer to show the

arrangement of double and single cones and their structural detail,

(e), (/), (g), (h) and (j) are various double cones referred to in the text.

Preparation as for fig. 2. X 1120.

Fig. 10.—Tangential section through the outer nuclear layer at the

level of the nuclei of the cone-cells. From an eye fixed in acetic

bichromate and stained on the slide with Ehrlich’s hsematoxylin.

X 1120.

PLATE 29.

[All the figures are from drawings or preparations of the retina of

Sphenodon pu net at us, and they have been outlined by camera
lucida.]

Fig. 11.—Vertical section of portions of the inner molecular and

inner nuclear layers. The three kinds of cells which are present in the

inner nuclear layer are distinguishable by the size and shape of their

nuclei. Staining as for fig. 6. x 1120.

Fig. 12.—Portion of vertical section of the nerve-fibre, ganglion-cell

and inner molecular layers, to show the arrangement of the nerve-fibres

in bundles and their position and that of the ganglion-cells. The
figure also shows the trumpet-shaped bases of Muller’s fibres which

support the retina. Staining as for fig. 6. X 560.

Fig. 13.—Vertical section of the retina at the ora serrata, showing

the transition between the various layers of the retina proper and the

columnar epithelial cells of the pars ciliaris retinse. The pigment

layer had been pulled away in the preparation and has been partly

restored. Staining as for fig. 6. x 560.

Fig. 14.—Tangential section through the outer portions of several

pigment epithelial cells, showing their hexagonal and pentagonal shapes,

and the arrangement of the protoplasm in blocks. Staining as for fig.

3. x 1120.
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1. Introduction.

The problem of sex-determination in Dinophilus g}r ro-
ciliatus is concerned, first, with the investigation of the

factors involved in sex-determination in the sexual or fertilised

egg
;
and secondly, with those involved in sex-determination

of the parthenogenetic egg. In these two conditions the

factors seem different, and for this reason are perhaps better

considered separately. In the present paper only those con-

cerned in sex-determination in the sexual egg are dealt with

;

while those involved in the parthenogenetic cycle, if it really

exists, are left for a future paper.
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In D. gyrociliatus parthenogenesis is only brought

about by experimental means, tliat is by cutting out the male

eggs from the capsules, inside of which they have been

deposited in company with the female eggs.

As early fertilisation of the female before she leaves the

egg-capsule is invariably the rule in this species of Dino-
philus, parthenogenetic development can only take place in

the complete absence of the male. This I believe never takes

place naturally, for during the course of three years* work

I have not met with an egg-capsule that did not at least

contain one male in addition to the female eggs. The propor-

tion of three female to one male egg, or somewhat less than

three to one, is remarkably constant, as shown by the table in

the following section, which is made up from capsules collected

at various seasons of the year. Parthenogenetic develop-

ment, therefore, can only be brought about by the actual

cutting out of the male eggs. Eggs in which early fertilisa-

tion has been prevented in this manner, after a certain period

develop parthenogenetically, and the females to which they

give rise in turn lay eggs of two sizes, male and female.

The sex-determination taking place in the last, therefore, is

that which I have called the sex-determination of the

parthenogenetic cycle.

I have not, however, yet satisfied myself completely that I

have succeeded in entirely eliminating the males in all these

cases. This has to be done in the later segmentation stages

to make sure of the matter. The extreme stickiness of the

living egg, coupled with the small size of the male egg,

render this a very difficult operation to perform. It is

nearly always attended with failure. The small male eggs

readily escape observation or adhere closely to the large

female eggs and so make fertilisation possible at a later stage.

For these reasons I feel considerable doubt if parthenogenetic

development ever takes place, and I wish to reserve my final

opinion on this subject till I have tested it by a larger

number of experiments.

In one or two cases, however, where I have taken excep-
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tional care, ifc seems almost impossible to believe that the

males could have been left behind. It is ou the somewhat

scanty evidence of these instances, and the statements of

Text-fig. 1.

Dinophilus gyrociliatus.
Rudimentary male and full-

grown female. The female
shows the broken nature of

the ciliated bands in the
head region and the soleno-

cyte-bearing nepliridia.

almost the first observation ma

de Beauchamp (2) that he was

able to produce partheno-

genetic development in D.

conklinii after the exclusion

of the males, that I have

based the above statements

of the occurrence of this con-

dition. If parthenogenetic

development does take place,

then it plays no part in the

usual life-cycle, but is only

brought about, as I have

said, by the artificial exclusion

of the males under experi-

mental conditions. Among
Rotifers, in addition to the

sexual cycle there is a par-

thenogenetic one; in each sex-

determination takesplace,and

there is no reason, therefore,

why we should not find the

same thing* in Dinophilus,
which all recent morpho-

logical work has shown to be

closely related to the Rotifers.

The present work, from the

first, was directed along the

line of studying the influence

of the sperm on the early

development of the odgonial

cells, for the reason that

e was that of seeing the small

males actively copulating with the females within the egg-

capsule, just as these were about to hatch. This is readily

VOL. 57, PART 3. NEW SERIES. 24
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observed by placing a capsule in a drop of sea-water on a

slide under the low power of the microscope. Through the

transparent wall of the capsule the males can be clearly seen

moving about and copulating with the females, and the

actual injection of the sperm through the body-wall of the

females witnessed. The small size of the young worms and

their transparent condition render it even possible to follow

the sperm as they leave the testis and pass down the penis

and finally lodge in the body of the female
;
further observa-

tion revealed the fact that this early fertilisation invariably

takes place, and that it is impossible to find a free-swimming

female, either small or full grown, that has not been

fertilized in this manner. Moreover the males seldom leave

the egg-capsule; after the females have hatched, they

remain about them and die shortly afterwards. The males

never live a true, free existence, being without mouth or

digestive system, and subsisting during the short course of

their life on a small quantity of yolk substance in their

interior. They are sexually mature at the time of hatching,

and those I have kept under observation after fertilizing

the females died in the course of a few days.

Starting with this observation of early fertilisation, it was

easy to follow the course of events and observe what influence

the sperm had on the female germ-cells as soon as these were

distinguishable. It is not for some days after the females

have left the capsule that the rudiments of the female cells

appear, and this varies greatly with conditions. If the

females do not obtain food their growth remains practically

stationary, and after many weeks they will frequently be

found in much the same condition as they were at the time

of hatching. If supplied with proper food, however, they

grow rapidly, and in four or five days the first rudiments of

the germ-cells are distinguishable under the gut at the point

of junction of stomach and intestine. At the time of hatching

this triangular region is filled with a mass of clear structure-

less tissue, in which the mass of sperm received from the

male collects, as shown in fig. 25. At the time the female
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cells first begin to appear the female has grown very much,

and since hatching' has increased ten or fifteen times in size.

The germ-cells themselves are first distinguishable as very

minute refractive nuclei surrounded with a small amount of

cytoplasm in the upper part of the mass of transparent tissue

already mentioned, this mass of tissue being in short a

primitive ovary. I have been able to determine very little

regarding the exact origin of the germ-cells beyond the fact

that they do not arise from the endoderm cells of the gut as

Yon Malsen (8) has sug-gested. The ovary is surrounded by

a firm membrane, which is shown at a later stage in Text-

fig. 3, and it is necessary to assume that if the primitive

germ-cells arise from the gut wall, then they have to pass

through this membrane in order to take up their final position.

Yon Malsen (8), however, was unaware of the presence of this

membrane, which has only recently been demonstrated by
Nelson (11) in Dinopliilus conklinii. Moreover, the

germ-cells are never seen arising from the gut wall, but are

always within this membrane.

Once the female germ-cells have appeared their subsequent

growth and rapid multiplication can be readily studied and

their relationship to the sperm injected into the ovary at the

time of hatching watched. It may perhaps add to the

clearer understanding of the following paper if I briefly

outline what I think takes place, and then describe the

various stages of the process in detail later.

To recapitulate, then, briefly, the two varieties of eggs,

male and female, are normally laid together in one capsule,

but they develop immediately without the presence of the male,

and are therefore fertilised inside the body of the female, or

else they develop parthenogenetically. That they are fertilised

in the female the subsequent observations show. In a few

days the small male egg gives rise to the rudimentary male,

which is full grown and sexually mature (Text-fig. 1) at the

time the females are ready to leave the capsule.

The female, on the contrary, when she leaves the capsule, is

very small and still in the larval state (figs. G, 5, 4), the cilia-
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tion and arrangement of the segments being quite different

from that in the full-grown condition, which is only attained

after a considerable period. The eggs may be clearly

examined within the capsule as segmentation and develop-

ment proceed. The development is direct, and as the time

for hatching approaches the young larval females are seen to

spin round within the capsule. This denotes that they are

about to hatch and leave the capsule and commence their

free existence. If the capsule is placed under the low power

of the microscope at this stage and carefully observed, it will

be seen, as I have already said, that the little males are

actively copulating with the small females. Every female as

she passes out of the capsule is seen to carry a small mass of

sperm, collected under the gut at the junction of stomach

and intestine at the point where the ovary will subsequently

appear (figs. 4 and 25).

Examination of immature free-swimming females always

shows them to be fertilised (figs. 5 and 6). If they are care-

fully fixed and sections cut from them at this stage, it will be

seen that the female germ-cells are not differentiated, and

although a mass of sperm is collected at the point where the

ova will subsequently appear, no trace of the ova can be

detected (fig. 25). They only appear at a later date, when the

female has grown considerably in size. They are then seen as

a few small refractive cells when examined in the living state,

and as small nuclei surrounded with hardly any cytoplasm

in the stained condition lying beneath the gut and amongst

the mass of sperm (fig. 20). Shortly after they appear it is

seen that each one is joined by a spermatozoon, the head of

which has become embedded or attached to its nuclear wall,

so that ultimately the nucleus of each primitive ovum is seen

to be composed of one part derived from the spermatozoon

and the other part derived from the egg (figs. 20 and 24).

These two elements of the nucleus never fuse, but retain

their individuality throughout all subsequent oogonial growth

(fig. 29). The double nucleus divides amitotically, each half

separately (figs. 16-19). In the majority of the divisions the
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male and female portions of the nucleus divide equally, so

that a similar quantity of nuclear material, both male and

female, gets into each daughter-nucleus. There are probably

about forty to fifty divisions in all. In these the male and

female parts of the nucleus divide and move apart, the male

portion usually dividing first (fig. 35). Now and again, how-

ever, the female half of the nucleus seems to divide before

the male portion, so that the male portion gets left behind

and is shut off entirely in one of the daughter-nuclei (fig. 33).

Therefore, of the two resulting nuclei of this division, one

lias the whole of the male part of the original nucleus and its

share of the female portion, while the other has only half the

female and no male substance. This appears to be the sex-

determining factor in the sexual or fertilised egg*; for of

these two daughter-nuclei, the one that has received the

whole of the male element plus the female element becomes

the nucleus of a female egg, while that which has received

the egg portion becomes that of the male. Both these kinds

of eggs, once the sex-determining division has taken place,

grow rapidly (fig. 42). They seem to accomplish this through

the power of absorbing all the other immature egg’-cells with

which they happen to come in contact, and in which the divi-

sions of the two portions of the male and female substance have

been equal. The outcome of this process is that the male-pro-

ducing egg is not fertilised while the female-producing egg is.

It is, however, impossible to speak in the strict sense of the

word of the male egg as unfertilised, as it has been directly

under the influence of the sperm in all the early oogonial divi-

sions previous to the sex-determining one. For all the primi-

tive germ-cells are joined in the first place by a spermatozoon,

irrespective of the fact that only some of these will give rise

to ova later, and that the majority will be only nurse-cells.

It is only in the late stages, shortly before the female egg is

laid, that the two portions of the nucleus, the male and
female, actually fuse beyond recognition. As the two kinds

of eggs, male and female, are not found in the simple ratio,

but in the proportion of three or two females to one male, it
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is probable that some other division takes place in the case of

the female egg. This ratio, however, varies widely, as the

table in the following' section will show, and according to

Yon Malsen (8 ), it can be greatly altered by conditions of

heat and cold. I have been unable to obtain any light

on the subject from my sections. It is impossible to follow

the above described cytological changes on living material.

2. Material, Habits, Methods, etc.

The group of primitive Annelids, represented in the genus

Dinophilus, comprises some eight or nine species. They

are remarkable for the fact that some show a well-marked

sexual dimorphism, in which the male is rudimentary,

without any mouth or digestive tract, while in others the

sexes are the same size and exhibit no signs of this

dimorphism. The group as a class, therefore, is readily

divisible into two subdivisions, in one of which all the

species are sexually dimorphic and unpigmented, while in the

other they are an orange red in colour, and sexually mono-

morpliic. The former may be called the Leucodinophilidae,

while the latter may be called the Erythrodinophilidae. The

known species, many of which are of doubtful specific value,

may be arranged under these two subdivisions, as follows :

Leucodino-

philidae

1. Dinophilus gy rociliatus, Schmidt, 1857-

2. 33 apatris, Korschelt, 1882.

3. 33 conklinii. Nelson, 1907.

4. 33 metamero ides, Hallez, 1879.

5. 33 pygmaeus, Verrill, 1892.

Erythro-

dinophilidae

6 .

7.

8 .

9.

jf

33

33

33

vorticoides, Schmidt, 1848.

gardineri, Moore, 1899.

toeniatus, Harmer, 1889.

gigas, Weldon, 1886.

Of the Leucodinophilidae the first three species, D. gy ro-

ciliatus, D. apatris, D. conklinii, are closely related,
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and are probably one and the same. The form on which the

following work has been done is one of these three species,

though exactly which I have been unable to decide. I have

placed it under the head of D. gyrociliatus, as this is the

oldest of these names. Figures of the male and female,

drawn to scale, are shown in Text-tig. 1. It will be seen

that the female is very much larger than the male, and that

the sexual dimorphism is well marked.

The species D. gyrociliatus was established by Schmidt

(
15

)
from material obtained from the old harbour at Naples

and described by him in 1857. He gave a short description,

with one figure, from which it is not possible to gain very

much information. It was subsequently studied by Meyer
(
9 ),

who gives a figure of it in his studies on the embryology of

Annelids. At about the same time it was made the subject

of a lengthy paper by Repiachoff
(
13 ), who described its

anatomy and who first found the male form. It now appears

through the great extension of the harbour at Naples, and

the consequent contamination of the sea-water, to have

forsaken its old habitat in the Porto Vecchia, for during*

the last ten years I have repeatedly looked for it during

different visits to Naples, without being able to find it. It

was formerly found in abundance on the masses of Bugula
attached to the piers of the old harbour. Recently I have

often examined the Bugula growing there, without however

ever in any case observing Dinophilus.

I am unable to say, therefore, from personal experience, if

the species obtained at Plymouth, and on which the present

work has been done, is the same as D. gyrociliatus

of Naples. Prof. Meyer, of Kasan, however, has kindly

examined some material that I have sent him, and he tells

me that he find it very similar, as far as he can determine

from preserved material, to D. gyrociliatus, with which

he was formerly familiar at Naples.

The other species with which it may possibly be identified

is, first, I), apatris, described by Korsclielt in 1882, from a

salt-water aquarium at Freibourg. It has been suggested
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by Repiaclioff
(
13

)
that this species is identical with D. gyro-

ciliatus, and its specific value seems somewhat doubtful.

No one who has worked on D. gyrociliatus has ever

worked on D. apatris, so it seems impossible to determine

its real value. I have sent material of my species to Prof.

Korschelt, who has kindly examined it for me, but lias been

unable to report anything further than that it is undoubtedly

closely related to D. apatris. In the last few years this

species has been made the subject of considerable investi-

gation by Yon Malsen (8 ) in Prof. Hertwig’s laboratory, and

a special variety has been described under the name
of “P. apatris forma t ergestina,” from Trieste, by

Stiasny
(
18 ). The second species with which D. gyro

ciliatus may be related is the American formD. conklinii.

With this species the Plymouth variety has possibly less

relationship than with D. apatris. Dr. Nelson
(
10

,
11 ),

who has made D. conklinii the subject of two extensive

memoirs, as well as Prof. Conklin
(
3 ), who has done con-

siderable work on the oogenesis, have kindly examined

material of the Plymouth species for me, and they both

report that they consider it different from their species.

M. de Beauchamp also tells me he thinks the Plymouth

species different from the form he has investigated at Roscoff,

which he considers the same as D. conklinii.

The females of D. gyrociliatus at Plymouth are very

worm-like in their general appearance (figs. 1, 2, and 3.)

The body lengthens out very considerably in the usual swim-

ming attitude, then measuring quite 1*5 mm. in length.

While at rest it is more contracted and the segmentation

more pronounced. The head is blunt, conical, and rounded

in front, and narrows into a constricted neck region, where

it joins the trunk. This region, however, in D. gyro-

ciliatus is not so marked as in the allied species

D. conklinii. The ventral surface of the head is very

much flattened, while its dorsal surface is rounded, and bears

a pair of red crescentric eyes. The two first trunk segments

are much bigger than in D. conk 1 in i i, where they are some-
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what reduced
;
the caudal appendage or last segment is

sharply marked and is conical and more pointed.

Like other members of the group, the female of D. gyro-
ciliatus is encircled by a number of ciliated rings, nine in

number, of which two that are interrupted dorsally belong' to

the head, while seven belong to the trunk region. The
ninth band is on the caudal appendage and is much reduced.

In addition to the ciliated bands, the ventral surface is

extensively ciliated in the pre-oral and oral region, and then

running back along the entire ventral surface is an extensive

tract that gradually narrows as it approaches the caudal

segment, where it is much restricted. The ciliated bands are

narrow and furnished with relatively few but very powerful

cilia. Those of the trunk are narrow transverse bands, that

are uninterrupted on the dorsal surface; each baud

encircles the middle of the segment. The two bauds of

the head, as in D. apatris and D. conklinii, are inter-

rupted dorsally and relatively wider than those of the

trunk. In addition to the ciliated tracts and bands, D. gyro-

ciliatus possesses conspicuous sense-liairs, two of which are

arranged symmetrically, on the anterior surface of the head,

and are undoubtedly tactile in function. There are five pairs

of solenocyte bearing nephridia, whose arrangement can be

best seen in Text-fig. 2 and figs. 3 and 5.

The males are small and very inconspicuous relatively to

the females, and, as I have said, are seldom seen outside the

egg-capsule. Korschelt (6) has also remarked on the fact

that in D. apatris the males are rare and live only a few

days, and Hallez (5) has mentioned that it is a singular fact

that the males of Dinophilus are never found in company

with the females. Their shape is subject to considerable

variation dependent on their state of contraction. It roughly

agrees with that of the males in 1). apatris and D. con-
klinii. When moving rapidly their shape is much as that

shown in fig. 10, while when at rest it is as in figs. 8 and 1 1.

When moving about slowly within the egg-capsule it is more
like that of figs. 7, 14, and 15. About the anterior end of the



340 CEESSWELL SHEARER

male there is a ring of cilia, which is continuous on the ventral

surface with a strip of fine cilia covering the whole of this

surface (fig. 10). In the interior of the body little can be

distinguished but a mass of granular yolk, which apparently

Text-fig. 2.

Nephridia of full-grown female drawn from living preparation
after impregnation with methyl blue. Cn. np. Nepliridial

canal, fig. Flagella, n. Nucleus of canal wall. sol. Soleno-
cytes.

serves as food during the short existence of the male. There

is no mouth, stomach, or gut. In the posterior region there

are well-developed seminal vesicles crowded with sperm ; the

ducts of each vesicle join to form a common ejaculatory duct
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that leads down a short penis, which, except during the act

of copulation, is kept retracted within the penis sheath.

I have been unable to distinguish whether the cilia of the

anterior end are inserted in a well-marked groove as in D

.

conklinii. They are not so sharply limited to a ring or

circle, but seem to cover almost the whole of the anterior end

as shown in fig. 11. This appearance, however, varies very

much with the state of contraction of the male, as in fig- 7

;

where the end is extended the cilia appear as a sharply limited

circle. There is also this further difference between the males

of D. gyu'ociliatus and both D. apatris and D. conklinii,

in that the testis the vesicula seminalis is distinctly

paired as shown in figs. 8, 11 ,and 14. This condition does

not seem to hold in D. apatris, the males of which have

been carefully figured by Korschelt (6)

.

If the young females that have just left the capsule are

examined in the living condition, under an oil-immersion lens,

it will be seen that the ciliated rings in the trunk, like

those of the head reg’iou in the adult condition, are interrupted

dorsally and are incomplete. The whole of the dorsal surface

between the rings is also covered with fine very short cilia,

and the female has a characteristic larval appearance. The

relative size and configuration of the segments and general

shape is also different from that of the adult condition.

In the young female the head region is by far the widest part

of the body, so that the animal seems to taper from the head

towards the tail, and looks not unlike an attenuated wedge in

shape, the thick end of the wedge being the head (Text-fig. 4).

In the resting position shown in fig. 6 this shape does not

show, but only appears during the act of swimming or moving

rapidly.

I first concluded that these females, of this peculiar shape,

were the male forms of the species, for whenever I examined

one of them under the microscope, 1 invariable found it to

have sperm beneath the gut. I concluded therefore from this

that I had found a new species of Dinophilus in which the

females were much the same as inD. gy ro cilia t us, D. a pa-
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tris and D. conklin ii, while the males were simply much
reduced in size and not rudimentary (without mouth, stomach

and gut), as in the species just mentioned. I was confirmed

in this supposition by the fact that these males in some jars

never changed or grew any bigger, and as they contained

active live sperm, they must therefore, I thought, be full grown

adults. Now the fact that the females may remain indefi-

nitely in the immature larval condition, to which I have already

called attention, seems to depend on certain factors in the

environment of which the presence of food only forms one.

It so happened in the two jars from which I started all my
subsequent cultures, one at the end of six months was swarm-

ing with large females, while the other was full of what I

thought at the time were the males. In this jar not a single

large female was to be seen, nor did any appear after several

mouths, although I supplied these small forms with abundant

food. I was able, however, to demonstrate later that they were

immature females, by taking a few of them and putting them

in another dish, in which the conditions were somewhat diffe-

rent, for they then grew rapidly into the large females. I was

forced to conclude, therefore, that these small forms were not

the males, and obtaining some eggs about the same time, I

saw, as these hatched, the real males.

At Plymouth D. gyrociliatus is never found in the rocky

tidal pools in company with the red species D. teen i at us, and

my material was first obtained from some sandy dredgings

from Cawsand Bay, one of the smaller divisions of Plymouth

Sound. This material had been allowed to stand in the labo-

ratory for some months before it was noticed that it was

swarming with D. gyrociliatus. I introduced it into one

of the large laboratory tanks from this jar. There it soon

established itself and has bred for the last three years. In

this tank it has never become very abundant, although in

smaller culture jars it sometimes increases in great numbers,

without any very obvious reason. I have been unable to find

out to what condition this sometimes sudden increase is to be

attributed. Its food consists of various small algae, Pleuro-
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coccus, Foraminifera, and, perhaps most important of all,

various Naviculse and other bottom species of Diatoms.

When supplied with these in abundance, however, it does not

always increase and become numerous. There seem to be

some other conditions that I have been unable to discover to

account for this increase in numbers besides that of food.

In the large tank in the laboratory, its numbers remain very

much the same throughout the different seasons of the year.

Text-pig. 3.

Transverse section of large female in the region of the ovary,

showing several female eggs. Limiting membrane of ovary
shown in black, fe. pr. Female pronucleus, g. Gut. Im. m.
Limiting membrane of ovary, og. c. Oogonial cells, oct. f.
Female egg. m. pr. Male pronucleus.

At times it almost disappears, but always reappears again

shortly afterwards, in somewhat increased numbers. This

tank is connected with the general water circulation through-

out the laboratory, but the worms have not spread to the other

tanks. If a white porcelain plate or dish is placed for some

hours on the side or bottom of this tank all the Dinophilus
in the tank will soon collect on it, and this affords a ready

means of obtaining them in numbers. In this manner almost

every individual in the tank can sometimes be withdrawn.

They never show a tendency to collect on the glass side of the
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tank nearest the source of light, although collecting so readily

on any bright object introduced into the tank itself. It breeds

continuously through the winter and summer months, and

those I have kept under observation from day to day lay their

eggs in several, sometimes as many as five, batches. This

takes place as the large ovarian eggs ripen. There is some-

times a considerable time, as much as a week, between the

laying’ of one batch and the growth of a fresh lot of eggs.

Once a female has got rid of all its eg’g’s, the germ-cells seem

completely used up and no more appear and the animal dies.

The females with eggs seem liable to some disease or

infection that causes them to swell up and become dropsical,

the cuticle all over the body becomes puffed out in blebs

containing fluid, and the animal soon dies. In this state

they seem incapable of laying their eggs, and when once

this disease appears in a culture jar it rapidly spreads and

destroys all the females.

My mode of procedure in order to obtain eggs in any

numbers has been to take half-a-dozen two-litre jars of sea-

water and place a number of females with eggs in each and

supply them with proper food. The jars are set aside for a

month or so, at the end of which time it will usually be found

that one of the jars at least will be crowded with Dinophilus,
while possibly the others will contain none.

The manner in which the egg-capsule is formed is some-

what peculiar, and recalls the way it is accomplished in many
of the Turbellaria. The female about to lay eggs contracts

into a round mass and pours out a copious secretion from the

large mucus cells of the
N
cuticle, which are especially numerous

in the region of the ciliated bauds, as shown in fig. 2. In

this manner the beast is surrounded with a thick coat of

mucus (fig. 12). The eg’gs are then passed out through a

small median pore on the animal’s ventral side somewhat

anterior to the anus. When all the ripe eggs have been laid,

the animal crawls out of the capsule, with which it has

surrounded itself, leaving the eggs behind. The mucus after

a time seems to harden on contact with the sea-water.
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but still remains very sticky on the surface, so that if

it is touched with a needle it adheres so firmly to both

needle and the bottom of the dish that it usually tears

apart and the eggs in the interior are destroyed. The eggs

themselves are also difficult to handle in the living state,

as they stick with great tenacity to the inside of pipettes and

sides of needles, and cannot be detached without breaking. I

have been reduced to handling them when stuck to small

pieces of tissue paper. Small pieces of paper are cut, and

then with the aid of fine forceps the egg-capsule is scooped

up, the capsule adhering firmly to the paper
;
then the paper

with the capsule may be readily transferred from one dish to

another, or into the fixing fluid.

The two kinds of eggs, male and female, are laid together

(fig. 57) in a fairly constant ratio of a little more than two

female eggs to one male, and this ratio does not appreciably

change during the different seasons of the year. I have

made, however, no special observations to test this point.

The following table gives the number of eggs
,
male and

female, counted in capsules collected at different seasons of

the year :

Table showing the Proportion of Male to Female
Eggs in Forty Capsules collected at Diiff ere

Seasons of tli e Year.

Spring. Summer.

1 Capsule 2 <$ 4 ? 11 Capsule 2 <? 5 ?

2 1 „
ou yy 12 ))

9̂
}) 8 „

3 „ 2 „ 6 „ 13 }) 4 „ 8 „

4 2 8 „ 14 )) 1 „ 9̂
})

5 9 6 „ 15 9 6 „
6 2 „ 4 „ . 16 })

o
3 „ 6 „

7 „ 4 „ 10 „ . 17 })
9" )) 5 „

8 2 „ o
,

,

18 }} i 3 „
9 „ 2 „ 8 „ 19

>} 3 „ 8 „
10 „ 1 „ 3 „ . 20

>)
9u )) 6 „

Total 20 56 ? Total 22 4 57 ¥
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Autumn. Winter.

21 a 1 S CO
40 . 31 Capsule f

'0CO 00 ?

22 2 a 6 33 . 32
33 1 „ 2 33

23 a 3 a 8 33 . 33 33 1 „ 3 33

24 a 4
>} 10 33 34

33 1 „ 2 33

25 2 3 33 35 33 1 „ 2 33

26 j) 4 )} 8 33 . 36 33 3 „ 6 33

27
j

}

2 a 5 33 . 37 33 1 * 3
33\

28 }> 1 }i

OO 33
00 00

33 1 „ 2
33

29 }}
Qo

)) 6 33 39 33 4 „ 10
33

30 }> 1 }> 3 33 . 40 33 2 „ 5 33

Total 23 s 55 ? Total is a 43 ?

Dinophilus is a remarkabty difficult animal to fix well,

as even the most rapid of penetrating fixatives allows of con-

siderable shrinkage before it can act. In this respect D.

toeniatus is even more difficult to handle than D. gyro-
ciliatus. I am inclined to attribute this to the fact that

the animals are surrounded by a thin layer of mucus of an

oily nature that effectively prevents the rapid penetration of

the fixing fluid. As my interest in Dinophilus lay entirely

in the direction of obtaining good fixation of the ovary, germ-

cells, and ova, the fixatives I have used have been judged

entirely by the results they have given with regard to these

alone, and for this reason they may have given indifferent

fixation of the tissues in general.

The large female eggs are yolky and granular, and on this

account crumble and break readily in sectioning. I have for

this reason tried to modify all my fixatives with the object of

avoiding this as much as possible. This I have done by the

addition of a small quantity of HN0
3
to my solutions, which

renders the eggs much less brittle. The fixatives that on the

whole have given the best results are sublimate-nitric, or

acetic, and Perenyi’s solution, the sublimate solution consist-

ing of a saturated solution in either sea-water or distilled

water, to which 2 per cent, nitric acid has been added. The

best results were obtained by using the sublimate boiling hot.
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when a solution in distilled water was employed. There is

little difference in the results obtained with sublimate-acetic

or nitric, except that in the latter the sections are not so

granular. I have made a very extensive trial of all the good

fixatives in an endeavour to improve on the above reagents,

but without success. A fixing fluid that has given fair results

next to sublimate-nitric is a slight modification of Eisen’s

iridium chloride solution. All the osmic and picric acid

mixtures give but medium results, especially the picric acid

ones, which are invariably poor. In the following work, there-

fore, I have relied almost entirely on the results obtained with

sublimate-nitric and acetic, and Perenyi’s solutions.

There is considerable difference in the histological appearance

of a section fixed with sublimate-nitric and that with PerenyPs

solution. The general appearance of the section is much
better in that fixed with Perenyi, while the histological

details are shown much clearer in that fixed with sublimate.

This is shown by the comparison of figs. 21 and 32 with

fig. 42. Figs. 21 and 32 are from sections of material fixed

in sublimate-nitric, while fig. 42 is from Perenyi’s solution.

It will be seen that although the section drawn in fig. 42

appears in general better fixed than that of fig. 32, there is

nevertheless more shrinkage of the nuclear details in fig. 42

than in that of fig. 32, and this is more marked on comparing

the actual sections themselves.

A reagent that I have found most useful in investigating

the early oogenesis is aceto-carmine. With the use of this

fixative and stain, it is possible to follow the early process of

fertilisation from a whole preparation with great convenience.

Figs. 13, 20 and 24 are drawn from such preparations.

In sectioning the eggs I have found the most convenient

method is to cut them, when fastened, to bits of amyloid

liver. Another method consists in allowing some hard

paraffin to cool in a watch glass and then cutting a small

hole in this; the eggs, which are in zylol or cedar oil, are then

carefully transferred into this with a line pipette and the

excess of oil got rid of as much as possible. The paraffin is

VOL. 57, PART 3. NEW SERIES. 25
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then slowly melted, and after remaining melted long enough

to penetrate the eggs is cooled again. The eggs in the

meantime remain close together in a heap and can be after-

wards cut all in one small block. On the whole I have

obtained the most satisfactory results with the first method,

i.e. of attaching the eggs to a bit of liver with albumen,

tiresome as this operation is to perform.

3. Fertilisation and Early Oogenesis.

If an egg-capsule about twelve days old is examined under

the low power of the microscope, it will usually be seen that

the young worms within it are about to hatch. The females

are distinguished by their size and the conspicuous red eye-

spots. At this stage they are curled up, and if ready to

hatch, are revolving slowly within the egg membrane. The
males are not so conspicuous on account of their small size

and their lack of any marked conspicuous anatomical

feature. Gradually the movements of the female become

more and more vigorous, until she finally frees herself from

the egg membrane. At this moment she is usually joined by

one of the males, which immediately attaches itself to her so

closely that after a moment or two it can hardly be dis-

tinguished. If it had not actually been seen to join her, it

would be almost impossible to tell that the small dot on the

side of the female was not merely a fold of the body-wall.

If the male is then closely watched, it will be seen to contract

strongly several times in succession, and this corresponds

with the injection of the sperm. If the conditions for observ-

ing the act of copulation are favourable, it is possible to see

the sperms as they pass out of testis or vesiculae and down
the short penis and lodge finally within the body-wall of the

female. All this time the female is moving rapidly within

the egg-capsule, and almost as fertilisation takes place

usually succeeds in forcing its way out of the capsule. The

moment after the male has contracted in the act of discharg-

ing the sperm, it becomes detached and remains behind in
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the egg-capsale as the female passes to the exterior. It is,

however, possible for the same male to attach itself to the

next female and so in turn fertilise her. In this manner I

have seen a male fertilise three successive females as they

were leaving the capsule. In the case of the third, it was

carried some little distance outside before it finally succeeded

in accomplishing this
;

it then detached itself and slowly

returned to the capsule, adhering motionless to it until it died

in a few days.

It is remarkable that the males are perfectly quiet within

the capsule until the females start moving. Then they seem

suddenly thrown into a state of great excitement and move

about restlessly until they come in contact with the females.

Immediately fertilisation is accomplished they become quiet

Text-fig. 4.

Young fertilised female, showing the outline and shape during
swimming.

again and remain motionless. Under the microscope, if the

capsule happens to be compressed by the cover-glass and the

normal conditions thus disturbed, the male seems occasionally

to have some difficulty in forcing its penis through the body-

wall of the female, and in so doing the sperms are sometimes

discharged into the water.

The ovary in general structure and position resembles that

of D. conklinii and D. apatris. It occupies the concavity

on the ventral side of the alimentary canal formed by the

junction of the stomach and intestine. It is usually crowded

with egg-cells, which push the intestine to one side. The
ovary consists essentially of three parts, the obgonia, the

oocytes, and the peritoneal sac enveloping the whole. The
oogonia form a mass of closely packed round cells in the

anterior region and send two lateral horns towards the head.

The oogonial cells graduate in size as they proceed back-
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wards until they reach the odcyte stage. In the oogonial

region the cells are seen rapidly dividing, while in the oocyte

region they are seen fusing together to form the large

female and the small male eggs. The oocytes or ovarian

eggs fill up the greater part of the ovary, and crowd the

oogonia laterally and ventrally. The largest oocytes are

found in the posterior part of the ovary. The peritoneal

investment of the ovary consists of an extremely delicate

epithelium which encloses the oogonia and oocytes as in a

Text-fig. 5.

A. Rough outline drawing of ovary of young female in which
fertilisation has been avoided. The sperm are not present
in oogonial cells, b. Enlarged view of a few of the oogonial
cells, showing only one chromatic body, the sperm chromatic
body being absent.

bag (Text-fig. 3, Im. m.). This investment sends strands to

the body- wall and the alimentary canal (fig. 42).

In the larval female leaving the egg-capsule the condition

of the ovary is very rudimentary. It consists of a small

triangular mass of tissue, filling the space between stomach

and gut. It is very difficult at this stage to make out its

structure. In whole preparations stained with aceto-carmine

no cell outlines or nuclei can be seen. It seems to consist of

a perfectly clear homogeneous mass of cytoplasm, uniformly

finely granular throughout. In the living condition, certain
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of these granules seem somewhat refractive and larger than

the others. They appear to be the forerunners of the germ-

cells, but at this stage they can hardly be said to differ from

the ordinary cytoplasmic granules. In the middle of the

ovary, collected together in a small mass, are the sperms,

which in the living condition are actively motile. At a stage

somewhat later than that shown in fig. 25, a few of the

granules already mentioned are seen to have enlarged, and

are the first definite oogonial cells. As far as I have been

able to determine, these arise anywhere in the ovarian tissue

and not in a more or less restricted portion of it, as in D.

vorticoides and D. toeniatus. Once the oogonial cells

appear, they increase very rapidly in numbers and assume a

characteristic round shape. They have large darkly staining

nuclei, surrounded in the early stage with hardly any cyto-

plasm. They soon fill up the whole ovary, but are most

numerous in the anterior region, where they seem to be

undergoing very rapid proliferation. At a slightly later date

it can be seen that they are dividing solely in this anterior

region, while towards the middle and posterior region they

are not dividing, but are increasing in size, so there is a

graduation in size of the oogonial cells from the minute

almost granular condition at the anterior end, to the large

cells that are almost oocytes in the posterior region. This

stage is shown in Text-fig. 2, which is drawn from a com-

pressed aceto-carinine preparation
;

therefore the cells are

forced out of position and their relative position distorted.

With the appearance of the oogonial cells and their rapid

multiplication, the sperms, which have formed a compact

mass up till this time, become dispersed throughout the

organ, a large number being pushed up in the augle between

stomach and gut (fig. 9). If an aceto-carmine preparation is

made of a female at this stage, one sees a picture something

like that shown in fig. 20. This represents a preparation of

the ovary compressed under a cover-glass, as seen under an

oil-immersion lens. Inside the limiting membrane the organ

is seen crowded with sperm. The female germ-cells are still
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few in number, and have large granular nuclei, each sur-

rounded with a thin layer of cytoplasm. Close examination

shows that every female cell has been joined by a sperma-

tozoon. The different parts of these, the heads and tails,

can be clearly distinguished. There are apparently many
more sperm than female cells, so that the ovary contains

many lying free and unattached. On making a preparation

of another female, somewhat more advanced than the one we
have been considering, we get the condition shown in fig. 24.

Here the process has gone a step further, and the primitive

oogonial cells have increased appreciably in size. There,

attached sperm-heads are visibly undergoing absorption.

The tails of the sperm have partially disappeared, but in

several instances can still be distinguished. The sperm

heads are lying within the cell wall, or are in the act of

fusing with the nuclear wall of the oogonial cells. In a

slightly later stage still, all the sperm heads are in the cyto-

plasm or have definitely fused with the nuclear wall of the

oogonia. During these stages the sperm head remains a

compact mass of darkly staining chromatin.

Lastly they come into definite relation with the nucleus of

the oogonial cell, so that this consists of two separate parts,

each with its own nuclear wall, surrounded by one main

nuclear membrane. This condition is shown under high

magnification in fig. 34 ;
and in a later stage again in fig. 29.

The nucleus of the primitive oogonial cell, therefore, is of a

double character : one half, the smaller, contains the male

substance which has been derived from the sperm head,

while the other, the larger, contains the female. These two

parts retain their individuality throughout the growth period.

In all the subsequent nuclear divisions these two parts of the

nucleus divide amitotically (figs. 16, 33, 34). In none of

these divisions does the male or female substance form indi-

vidual chromosomes, but each divides directly into two equal

parts. As these masses pull apart, the chromatic substance

seems to be drawn out into irregular digitations that give at

certain stages a false appearance of chromosome formation.
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This appearance is quite irregular, however, and is simply

the result of the rapid drawing apart of the two masses of

chromatic substance. These bodies, in the case of the female

chromatic substance, are figured in figs. 49, 51, 53, 54, 61,

and 64. The same appearance is presented also by the male

substance during division, but on account of its much smaller

volume is not so distinct. The female substance is always

crowded with peculiar yellowish refractive globules, shown

in these figures by the white dots. They are also present in

the male chromatic substance, but are not so numerous or so

large as in the case of the female substance. They always

show well in material fixed in sublimate-acetic; possibly not

so clearly in material fixed in sublimate-nitric ;
and hardly

at all in material fixed in Perenyi’s solution. They seem

larger in the early oogonial stage and become smaller as the

oogonia increase in size. They disappear from the chromatic

substance at the oocyte stage. They would seem to correspond

with the peculiar vacuoles that have been described under a

number of names in the nucleoli of different oogonial cells.

In Dinophilus they seem to be very similar to the refractive

granules of the chromatic substance in Batrachoseps seen

during spermatogenesis, as described by Eisen
(
4 ). They

are small, of a light yellow colour, and do not stain with

iron-haematoxylin. They are also doubtless of the same

nature as the granules figured iu the nuclei of the oogonial

cells of some molluscs, by Obst
(
12 ), and in Pholcus by

Yan Bambeke (1). I shall call them the endoclirornatic

granules, to use the term applied to them by Eisen
(
4 ).

In the following paper I shall refer to the two chromatic

bodies of the oogonial cells, one of which is derived from the

sperm and the other from the female, as the male and female

pronucleus respectively. It must be understood, however,

that while they may be spoken of as pronuclei, they are

more properly one nucleus divided into two distinct com-

partments, each of which retains its own individuality,

although surrounded by a common nuclear membraue.

Now if one of these pronuclei is derived from the sperm, in
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the manner we have just seen, then the germ-cells of a female

in which early fertilisation has been prevented, by the cutting

out of the males in an early segmentation stage, should show

only one of them within the nuclear membrane. Although

this operation of cutting out of the males is a difficult one to

accomplish, as I have fully explained, in the Introduction, in

the few instances, in which I have succeeded, the oogonial

cells of these females on development only showed one pro-

nucleus, and are quite different from the ordinary oogonial

cells with their two darkly staining masses of chromatin in

each compartment of the nucleus. In Text-fig. 5 a drawing is

shown of the germ-cells of such a female. The small oogonial

cells in this figure, which is taken also from an aceto-carmine

preparation, are about the same size as those shown under

greater magnification in fig. 24. In fig. 24 the male and

female portion of the nucleus show quite distinctly, while in

Text-fig. 5a and b, the male portion, the sperm head is not

present. In all the oogonial cells in which the sperms have

been prevented from entering, we find therefore that the

nucleus consists of one single compartment, with one chromatic

body. The double character shown by|the nuclei of the

fertilised oogonial cell does not appear. In rearing these

females, moreover, it is clear almost from the first that the

conditions of growth are very materially altered. Their germ-

cells appear much later than in the normal state, and grow

very slowly, or hardly at all. In this particular instance they

took over a month to attain the size shown in this drawing;

in a normally fertilised female they would attain this size in

a week’s time.

I have stated in the Introduction that I am still doubtful

as to whether females, in which early fertilisation has been pre-

vented, can really be raised to the adult condition, that is to

a stage when they lay eggs. While I think I have succeeded

in one or two instances, I am by no means absolutely certain

that 1 did avoid fertilisation in these instances. The females

suffer a high rate of mortality after being cut out of the egg-

capsule, so that it is necessary to make a great number of ex-
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periments before any results can be attained. It is, however,

a comparatively easy matter to get them to live to the stage

represented in the above text-figure, and from this it is clear

that the sperm part of tlie nucleus is missing. Comparison

of Text-fig. 5b with fig. 24 brings out this point clearly. The

stage, however, represented in this text-figure is much earlier

than that at which any possible sex determination can take

place in the unfertilised female.

This experiment confirms the nature of the small accessory

nucleus of the fertilised oogonial cell, and shows that it is

spermatic in origin. The fact also brought out by this ex-

periment, that when the sperm are prevented from entering

the obgonial cells, these grow slowly, and apparently take

months to reach the stage they would normally attain in a few

days under the influence of the sperm, shows the sperm to

play an important rol e in the metabolism of the oogonial cells,

that may even extend to the growth of the female in general.

It is at least remarkable that many of the females in which

early fertilisation has been prevented never attain anything

like the size of the fertilised ones.

As I have said, the primitive oogonial cells seem to be

dividing most actively in the anterior region of the ovary,

while in the posterior region they seem to be increasing in

size. The multiplication of the oogonial cells is so rapid,

however, that the whole organ becomes crowded with them

before those of the posterior portion, which are the oldest,

have had time to grow very much (fig. 9). The result of this

is that there is a stage in which all the oogonial cells are much
the same in appearance and of approximately the same size.

Each has been joined by a spermatazoon, the head of which

has lodged in the cytoplasm (fig. 24). This stage is followed

by one in which they increase in size, but as far as I can

determine do not actively divide. When they have increased

several times in size, their nuclei undergo a senes of rapid

divisions, not followed by any division of their cytoplasm. It

is possible that these divisions are, at the same time, accom-

panied by some fusing together of the cells. At this point it
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is difficult to make out exactly what does take place. What
one sees in sections is that amongst the oogonial cells are

some that are very large and yolky and have the appearance

of being formed by the fusion of several primitive oogonial

cells. They may have three, or as many as live nuclei, that

seem to be actively dividing quite independently of one

another, while the large mass of cytoplasm in which they lie

shows no cell walls, and is distinctly yolky and granular in

appearance, and very unlike the cytoplasm of the early oogonial

cells. There are two possible ways in which these masses can

be formed : first by the proliferation of the nucleus of the

oogonial cell without any actual cell division
;
or secondly by

the fusion of several independent cells. I am inclined to

believe that the first stage in the process is begun by the

division of the nuclei, and that fusion only takes place secon-

darily, and that the two processes to a certain degree go hand

in hand.

A number of these primitive egg masses are shown in the

interior of fig. 21. Here one sees a large number of nuclei

distributed throughout a small mass of yolky cytoplasm. In

fig. 22 one of these masses is showr* under greater magnifica-

tion, at a somewhat later stage. Here we get a large number

of actively dividing nuclei, arranged around the periphery

of a mass of yolk. Examination shows that these nuclei

are undergoing division, apparently quite independently of

one another. It is clear that whether these masses are formed

by the fusion of cells, or by the growth of a single cell through

multiple nuclear division, the result would be the same. I

have, however, been unable to determine exactly which of

these processes takes place.

To go back to an earlier oogonial stage, a series of figures

(figs. 16-19) represent the process of nuclear division at this

stage. Fig. 16 represents a small oogonial cell, the nucleus

of which is about to divide. Here it can be seen that the

male and female portions divide simultaneously and amitotic-

ally. The female portion is much the larger and contains one

endochromatic vacuole (rfg.). The male portion has already
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divided and drawn apart. In fig. 17 a later step in the same

process is shown from another section. Here the male

portion (m. 'pro.) has already divided and moved apart, while

the female portion has drawn out and is about to divide, as

shown in the text-figure (fig. 18). Finally, in fig. 19 the two

separate nuclei are shown. The darkly staining male portion

is clearly distinguishable, while the female portion is repre-

sented by a number of chromatic granules distributed

throughout the nucleus and not very clearly shown in the

figure. It is thus seen that in all these nuclear divisions the

male and female portions of the nucleus divide separately.

In the majority the division of the male substance precedes

that of the female. On referring to fig. 22, it will be seen

that each female portion of the nucleus has the small portion

beside it, within the same nuclear well. In most instances

the male portion has already divided and is represented by

two black masses which are separating. Similarly, in fig. 21,

the male and female part of each nucleus can be distinguished.

In fig. 28 are shown two nuclei which have just divided and

separated, in a small mass of cytoplasm
;
here the structure

of the nucleus is well shown. Fig. 29 represents a similar

nucleus under greater magnification, in which the separation

of the male and female portions is again shown. Fig. 35

represents still another series of nuclei
;
while in fig. 34 an

early stage in the division of the male portion of the nucleus

is shown.

4. Late Oogenesis and Formation of Male and Female Eggs.

As a rule the nuclei in such a mass as that shown in fig. 22

divide equally
;
that is, an equal portion of male and female

chromatic substance goes into each daughter-nucleus. As
long as these nuclear divisions continue to be equal no

change takes place beyond that of slow growth. But now
and again the divisions can be seen to be distinctly unequal,

that is, for some reason or other the female portion has

divided before the male, and this last has gone wholly over,
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without any division, into one of the nuclei. In fig. 33 such

a division is shown ; here two egg* masses lie side by side, in

one of which, that on the right, the male and female sub-

stance has divided equally, while that on the left shows the

male portion entirely on one side. The examination of the

foregoing and subsequent sections of the series shows no

other portion of the male nucleus present. Similarly in

fig. 31 we get the same condition. Here in one nucleus the

male substance is entirely on one side. In the larger oogonial

masses, such as those already discussed in fig. 22 and fig. 35,

similar divisions take place. I believe this division to be the

sex-determining one. The nucleus which has received both

male and female substance gives rise to the large female

egg*, while that which has received the female substance

alone gives rise to the male egg, while all the nuclei in which

the divisions have been equal degenerate throughout the mass

of cytoplasm. The evidence for this rests on the fact that in

the later oocyte stages, when the dimorphism of the eggs,

male and female, is already clearly obvious, we can still

distinguish the two portions of 'the nucleus, male and female.

In the case of the female egg there are always two parts of

the nucleus, while one only is shown by the male egg. The
nucleus of the female egg is divided into two compartments,

as in the early oogonial stages, whereas that of the male egg

is single and contains only one large chromatic body.

In fig. 32 is shown on one side two almost fully mature

female eggs (ov. f.) In this section their large centrally

placed nuclei are not shown, but at the periphery a nucleus in

each egg is undergoing the process of absorption. They are

undergoing obvious disintegration, and stain faintly and

irregularly. In both, the male and female portions of the

nucleus show. Therefore those eggs in which the sex-

deterinining division has taken place have the power of

absorbing the more immature oogonial cells in which the

divisions of the nucleus, male and female, have been equal,

or in which sex-determination has not taken place.

In the section drawn in fig. 32, a male egg (ov. m.) is
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shown with its single chromatic body. The nuclei of the

male and female eggs can be further compared in the early

stages by the examination of figs. 26 and 23. Here in the

female egg (fig. 27) the male and female portions of the

nucleus are still distinguishable (m. 'pro.; fe\ pro.), while

only one large chromatic body is present in the male egg

(fig. 26). In fig. 13 these differences are well shown in a

whole preparation. Here the large female eggs always have

two conspicuous chromatic bodies, while the male eggs, which

usually occupy the anterior ends or median posterior portion

of the ovary, have one. In the lower ventral portion of the

ovary, amongst the small oogonial cells, are many darkly

staining sperm heads. It must be remembered that the

evidence for this process of sex-determination has to be

pieced together from a number of different sections, for it

is, of course, impossible to follow these changes on living

material and actually see the sex-differentiation that follows

this division of the nucleus. The evidence of sections, as

far as it goes, seems to be in favour of the view I have put

forward above.

There is, however, another possible way of throwing light

on the matter, and that is by experimental means. By the

exclusion of the males we should expect that all the eggs

should be male and of the same size. Here again it must be

kept in mind that even in the male eggs their cytoplasm has

been under the influence of the sperm in all the divisions

previous to the sex-determining one. Their exclusion may
not result in the parthenogenetic eggs bearing characters

similar in every respect to the sexual. What experimental

evidence I have been able to obtain is of a doubtful nature,

. and for that reason I should like to defer its consideration to

a future paper.

5. Maturation Stages in the Male and Female Egg.

To obtain good sections of the maturation stages many
technical difficulties have to be overcome

;
the large female
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eggs are remarkably granular and usually break badly when
sectioned. They are also difficult to handle, and the only

successful method of doing this is to attach them to pieces

of liver as soon as they have been fixed, and then run them
through the solutions. In this manner they are not lost,

and can be readily cut in numbers in small blocks. My
investigation of these stages has been very slow on account

of the difficulty I have experienced in obtaining the eggs

in numbers. The females do their egg-laying at night or in

the early hours of the morning, and the maturation stages

are quickty passed through once the eggs are deposited in

the sea-water ;
for this reason it is difficult to obtain large

numbers of eggs showing the actual extrusion of the polar

bodies.

In view of the peculiar nature of the male and female eggs

of D. gyrociliatus, great interest attaches to the investi-

gation of the maturation divisions, but although I have

devoted a great deal of time to the matter, I have been

unable to decide many points with regard to the exact

number of chromosomes extruded, on account of lack of

sufficient material. I have been unable yet to obtain

sections of the extrusion of the second polar body in the

female egg,
and until recently, I have been in considerable

doubt as to whether a second polar body is given off by

this egg. In my preliminary paper
(
17

)
I have suggested

that only one is given off and that the second is simply

derived from division of the first. I have, however, since

established the fact that two are given off by the female

egg, but as yet I have not obtained the second in sections.

My knowledge, therefore, of the maturation divisions is

incomplete in one important respect. This is the case also

with regard to several stages in the formation of the chromo-

somes after the extrusion of the polar bodies, my series not

being consecutive.

In the absence of any knowledge of the number of chromo-

somes that go out in the second maturation division in the

female egg, it is impossible to consider their significance with
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regard to the peculiar form of fertilisation described in the fore-

going part of this paper. In the following section the facts with

regard to the maturation divisions are briefly stated, as far as

I have been able to determine them up to the present, their

full consideration being left for a future paper.

Korschelt (6) and Yon Malsen (8) have established that in

D. apatris the male and female eggs each give off two polar

bodies, and this is also the case in D. gy rocili at u s, as I

have mentioned. The first polar body in both the male and

female eggs divides again, therefore in the polar furrow of

the first segmentation division three polar bodies are seen.

They are extruded as soon as the eggs come in contact with

the sea-water, and, as in D. conklinii, are absorbed during*

segmentation by one of the blastomeres.

(a) In the Male Egg.

In fig. 41 is shown a polar view of the first maturation

spindle in the male egg. Twenty chromosomes are shown

—

the full somatic number. Twenty go out, and twenty remain

in the egg (fig. 39).

In the second polar body in the male apparently ten double

or dumb-bell shaped chromosomes go out and the same num-
ber remain in. In the first segmentation division of the male

egg the full somatic number, twenty, is shown again (fig*. 46).

The full somatic number seems to be established through the

breaking down of the ten double chromosomes remaining in

the egg after the second maturation division (fig. 43). Each
of these ten chromosomes breaks down into a special nucleus,

and in a stage like that shown in fig. 43 each of the small

nuclei contains two chromosomes.

In the maturation stages of the male egg a peculiar body
is more or less constantly present (figs. 38, 39, and 45, pr. b.).

This structure seems to have nothing to do with the process

of maturation, and would seem to correspond with the so-

called “ besondere ” body of many investigators. It usually

presents the appearance of a dark, irregularly staining body
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of no definite structure, as shown in figs. 38 and 39. In the

first segmentation division of the male egg this body moves

over without division into one of the blastomeres and then

breaks up and disappears. It is not present in the female

(b) In the Female Egg.

In the first maturation spindle of the female egg (fig. 37)

twenty chromosomes are clearly shown. Here, again, twenty

apparently go out and twenty remain in the egg, for certainly,

as shown in fis\ 37, eighteen or nineteen chromosomes can

be counted at each end of the spindle, but as the spindle

approaches the animal pole of the egg, these chromosomes

apparently undergo a certain amount of fusion, and when the

polar body itself is extruded, ten double or dumb-bell

shaped chromosomes pass out as shown in figs. 47 and 40.

These then break down into a series of blebs, which take up

a central position in the egg as shown in figs. 52, 56, and 58.

It is remarkable that in the female egg the number of small

nuclei into which the chromosomes break down is remarkably

constant (fig. 60). I have already said that . I have been

unable to obtain the second polar body in sections. In the

spindle of the first segmentation division of the female egg

twenty chromosomes are seen again at either pole (fig. 62).

6. Conclusions and Summary.

The most singular feature of the foregoing work is the

peculiar manner of early fertilisation and the subsequent

division of the sperm in the oogonial cells. This would seem

to be without parallel, although something* similar possibly

takes place among the Rotifers, where we know from the

work of Whitney (20) that the eggs undergo part of their

growth in the presence of the sperm. I have pointed out in

my paper on Histriobdella (16) that here also the sperm

nucleus is often found in eggs that are far from fully formed

and are only about half the size they will subsequently attain
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when they are discharged by the female. In this case the

sperm nucleus does not attempt to fuse with the female

nucleus until this has undergone reduction, which only takes

place when the eggs are laid and have come in contact with

the sea-water. I was not able to determine the exact stage at

which the sperm enter these eggs in Histriobdella, but it is

obvious that the condition in Dinophilus is simply a more

extreme example of the same thing, where the sperm join

the female germ-cells as soon as these arise in the ovary.

The maturation divisions, again, in the case of the female

egg of Dinophilus, only take place after, not before, ferti-

lisation, which seems contrary to all known rule. In the case

of many partlienogenetic eggs, however, we know that,

although maturation divisions take place, these are not

accompanied by an actual reduction in the number of

chromosomes, so that their presence in these eggs would

seem as unnecessary as in Dinophilus, where, if there is

any reduction, it takes place after fertilisation. In the face,

however, of these startling facts of early fertilisation and

maturation after fertilisation in the case of the female egg, I

have long delayed the publication of the present work, and

have repeated all my observations again and again in the

hope of arriving at conclusions more in keeping with orthodox

tradition.

I know that it will be pointed out that the small accessory

chromatic body of the oogonial cells, which I identify as the

sperm head, is remarkably like the peculiar accessory nucleus

that is so frequently present during the oogonial and oocyte

stage of many eggs, and which have been so well figured in

the papers of Obst (12) and Bambeke (1). The fact, however,

that in Dinophilus these bodies never attain the size or

shape of true accessory nuclei, and are within the nucleus and

never in the yolk or cytoplasm, seems to prove that they are

not of this nature or related in any way to the large crescentric

yolk nuclei on many eggs. Their staining reaction, again, is

always similar to that of the female chromatic substance,

while their absence from the oogonial cell when early ferti-

VOfi. 57, I’ART 3.—NEW SERIES. 26
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lisation is prevented seems to effectively prove their spermatic

origin.

With regard to maturation divisions, I am forced to admit

that their evidence is very puzzling, and I am quite unable

to explain them at present. In the case of the male egg, we

should expect, as this has not been fertilised, and is therefore

in a sense developing parthenogenetically, it should agree

with the development of the male parthenogenetic egg of

Rotifers and other forms, where they develop in the n con-

dition, where n represents the reduced number of chromosomes.

This is certainly not the case in Dinophilus, where the male

egg, after reduction (if any reduction takes place), possesses

apparently the full 2n number. It is, however, possible that

the male egg of Dinophilus is similar to that of Phyl-
loxerans, which develops in the 2n — 1 or — 2 condition,

as it is so difficult to accurately count the chromosomes in

the segmentation divisions of the male egg on account of

their small size. In the female eggs we should expect

them, since they have been fertilised before reduction, to be

in the 2n + n condition, if we consider the sperm to bring in

the n number. In the first maturation division of this egg

we should find at least thirty chromosomes, whereas their

number is somewhere about twenty. On the other hand, if

we suppose the female germ-cells to be in the n condition

when they appear in the ovary, then after fertilisation they

should show the 2n number of chromosomes, which agrees

with the facts, but does not explain how the male egg, which

has not been fertilised, is nevertheless in the 2n — 1 or — 2

Condition. Therefore, from whichever point of view we
choose to regard it, there is no way of bringing the facts of

the maturation divisions into line at present.

The following is a summary of my conclusions :

(1) In D. gyrociliatus the females are fertilised inside

the egg-capsules by the males.

(2) When the female germ-cells arise in the ovary they

early enter into relation with the sperm, so that the nucleqs
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of the oogonial cells is of a double nature, one portion of

which is derived from the sperm, while the other is derived

from the egg.

(3) In the nuclear divisions that follow the growth and

fusion of the oogonial cells the two portions of the nucleus

divide equally.

(4) In some of these divisions the female portion of the

nucleus divides before the male and passes over wholly

to one of the nuclei; thus one of the nuclei comes to

possess half the female portion of the original chromatic

substance together with the whole of the male portion, whilst

the other, has only half the original female portion. This

appears to be the sex-determining division. All the other

nuclei of the oogonial mass in which this division has taken

place then degenerate. The one which possesses only the

female portion of the chromatic substance gives rise to the

male, whilst the other, possessing the whole of the male in

addition to the female portion, gives rise to the female.

(5) In the early male and female eggs, the dimorphism of

which is already marked, these two portions of the nucleus

still remain distinct. The male egg possesses only a single

nucleus, while the female has a double one.

(6) During the late development of the female egg these

two portions of the nucleus fuse beyond recognition.

(7) Maturation takes place after the fusion of the male

and female chromatic substance in the female egg and not

before.

(8) There are twenty somatic chromosomes in the male

and female.

(9) Two polar bodies are given off by both the male and

the female egg. The first in each case dividing after being

given off.

(10) In the female egg twenty chromosomes go out in

the first polar body and twenty remain in the egg
;
actually,

ten double chromosomes go out and ten double chromosomes

remain in the egg. In the male egg the same thing takes

place. In the second polar body, in the case of the male egg
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ten double chromosomes go out and ten remain iu the egg,

the ten chromosomes remaining in the egg giving rise to theo no o o
full number again in the first segmentation division.

(11) In the first and second segmentation divisions of the

male and female egg twenty chromosomes are present.

(12) In D. gyrociliatus the presence of large eggs,

which invariably give rise to females, seems to be due to

fertilisation, the unfertilised eggs being smaller and givingo o o o c
origin to the males.
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EXPLANATION OF PLATES 30-34,

Illustrating Mr. Cressvveli Shearer’s paper on “ The
Problem of Sex Determination in Dinopliilus

gy roc i 1 ia t u s.”

Lettering.

an. Anus. cent. Centrosoine. cl. r. Ciliated rings, e. Eye. fe. pro.

Female pronucleus. <j

.

Gut. ni. Mouth, m. pro. Male pronucleus.

mu. yl. Mucus glands, me. ten. Median hairs or tentacles, neph.

Nephridia. as. Oesophagus, ov. Ova ov. f. Female eggs. ov. m.

Male eggs. ph. Pharynx, pr. b. Problematic body. pr. b. 1 . First

polar body. pr. b* Second polar body. sol. Solenoeytes of nephridia.

si.
<J.

Salivary gland, spr. Sperm, st. Stomach, tes. Testis.
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PLATE 30.

Fig. 1.—Adult female with eggs, showing the ciliated rings in the

full-grown condition.

Fig. 2.—The same showing the mucus cells underlying the ciliated

bands.

Fig. 3.—The same showing the distribution of the five pairs of

solenocyte-bearing nephridia.

a f Fig. 4.—Half-grown female showing the condition of the ciliated

rings at this stage. The second and third are markedly incomplete

dorsally. Ovary undeveloped. Small mass of sperm shown between

stomach and gut at point where the primitive oogonial cells will arise

later.

Fig. 5.—Female, younger than that of fig. 4. Showing the five pairs

of nephridia and sperm mass beneath the gut.

Fig. 6.—Young female some hours after leaving the egg-capsule.

Showing small mass of sperm in the gut region.

Figs. 7 and 8.—Rudimentary males.

Fig. 9.—Young female considerably older than that shown in fig. 4.

Ovary partially developed, showing a mass of sperm crowded into upper

part.

Figs. 10 and 11.—Rudimentary males.

Fig. 12.—Female in act of laying eggs. Shows the method by which

the capsule is secreted from the mucus cells.

Fig. 13.—Ovarian region in a half-grown female. Showing male and

female eggs partially formed, and sperm scattered throughout the

ovary. Male and female nucleoli at this stage clearly distinguishable

in the larger eggs.

Figs. 14 and 15.—Rudimentary males.

PLATE 31.

Figs. 16-19.—Small oogonial cells undergoing division
;

male and

female portions of the nucleus shown dividing simultaneously. Fixed

in sublimate-acetic.

Fig. 20.—Whole preparation of the ovary of very young female,

showing the primitive oogonial cells. The ovarian tissues are crowded

with sperm. One of these has already attached itself to each of the

primitive eggs. Stained with aceto-carmine.

Fig. 21.—Cross section in the ovarian region of fully grown female,

showing the formation of the eggs. Large female eggs clearly dis-
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tinguishable witli male and female pronucleus. Fixed sublimate-

acetic.

Fig. 22.—Mass of yolk material from ovary, formed as the result

of the fusion of a number of oogonial cells. Their nuclei are shown

around the periphery of the mass undergoing active division. Male

and female portions of these nucleoli clearly distinguishable. Sublimate-

acetic.

Fig. 23.—Fully formed female egg from ovary, in which the two

portions of the nucleus, male and female, can still be distinguished.

Sublimate-acetic.

Fig. 24.—Aceto-carmine preparation of a portion of the ovary of

young female, somewhat older than in the stage shown in fig. 20. The
primitive oogonia are somewhat larger, and the sperm that are attached

to them are losing their tails.

Fig. 25.—Section through the ovarian region of a young female, just

after leaving the egg-capsule. No trace of the female germ-cells can

be distinguished, and only the mass of sperm which the female has

received from the male before leaving the egg-capsule is distinguishable.

Fig. 26.— Ovarian male egg usually much more granular than the

female egg and with only usually one nucleolus. Sublimate-nitric.

PLATE 32.

Fig. 27.—Immature partially formed female egg showing two portions

of nucleus. Sublimate-acetic.

Fig. 28.—Yolk mass from ovary showing two nuclei, each showing
male and female chromatic bodies. Sublimate-nitric.

Fig. 29.—Nucleus of female ovarian egg. showing its division into

male and female portion. Sublimate-acetic.

Fig. 30.—Mitotic figures in first segmentation division of female egg.

Stained Lithium carmine and Lyons blue.

Fig. 31.—Ovarian egg formation, showing division of two cells,

in one of which male and female portions of the nucleus have
divided equally, while in the other the male portion has gone wholly
over to one side. Sublimate-nitric.

Fig. 32.—Section through the ovarian region of a ripe female, similar

to fig. 21, showing the eggs crowded together. Fixed in sublimate-
nitric.

Fig. 33.—Section of ovarian eggs similar to fig. 31. Showing in one
cell the male and female portions of the nucleus equally divided, while
the other shows the male nucleus only on one side. Sublimate-nitric.
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Figs. 34 and 35.—Stages in tlie oogonial cycle. Sublimate-nitric.

Fig. 38.—Oogonial stages. Sublimate-acetic.

PLATE 33.

Fig. 37.—Female egg showing a section of aster and spindle of first

maturation division. Twenty chromosomes are shown going out, and

twenty remaining in the egg. Perenyi’s solution.

Figs. 38 and 39.—Maturation stages of male egg. First and second

polar bodies. Perenyi's solution.

Fig. 40.—Female egg. First maturation division. Perenyi's solution.

Fig. 41.—Male egg. Polar view of spindle of first maturation division.

Perenyi's solution.

Fig. 42.—Section through the ovarian region of ripe female, similar

to those of figs. 21 and 32. Fixed in Perenyi's solution, and stained

Benda's iron-haematoxylin.

Fig. 43.—Male egg anaphase of second maturation division. Perenvi.

Fig. 44. — Female egg. First maturation division. Perenyi.

Fig. 45 —Male egg. First maturation division. Perenyi.

Fig. 46.—Male egg. First segmentation division.

Fig. 47.—Female egg. First maturation division. Perenyi.

PLATE 34.

Fig. 48.—Male egg. First segmentation division, showing twenty

chromosomes. Perenyi.

Fig. 49.—Female pronucleus from oogonial cell. Sublimate-acetic.

Fig. 50.—Nucleus of female egg. Showing its two divisions. Perenyi.

Fig. 51.—Female pronucleus from oogonial cell.

Fig. 52 .
— Female egg showing the separate nuclei into which the

chromosomes break down.

Figs. 53 and 54.—Female pronuclei from oogonial cells showing the

endochromatic granules.

Fig. 55.— Capsule showing two female and one male egg with

polar bodies.

Fig. 56.—Two female eggs in capsule showing separate nuclei into

which the chromosomes break down.

Fig. 57.— Capsule same as fig. 55 before formation of polar bodies.

Fig. 58.—Female egg with nuclei and asters.

Fig. 59.—Separate bodies into which the female chromatic substance

divides in late stages.
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Fig. 60.—Nucleus of female egg showing ten separate vesicles.

Perenyi.

Fig. 61.—Female nucleoli of oogonial cell showing endocliromatic

granules.

Fig. 62.—Female egg. Second segmentation division. Twenty
chromosomes.

Figs. 63 and 64.—Female nucleoli of oogonial cells showing endo-

chromatic granules.
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The Month-Parts of Some Beetle Larvae (Dascil-

lidae and Scarabaeidae), with especial reference
to the Maxillulae and Hypopharynx.

By

George II. Carpenter, I5.Sf.Lond., TtI.R.I.A.,

Professor of Zoology
;
and

yiabel C. MacDowell, A.R.C.Sc.I.,

Research Student, Royal College of Science, Dublin.

With Plates 35-37, and 5 Text-figures.

Introduction.

The variety of structure that may be observed among the

larvae of beetles has a most suggestive interest for the student

of insect transformation. Here, within the limits of the

single order of the Coleoptera, we find a complete series of

forms, leading from the active armoured larvae of the Cara-

bidae, with their elongate feelers and well-developed legs

with two-clawed feet, to the soft-culicled, legless grubs of the

Curculionidae and Meloidae—from the campodeiform to the

eruciform type of insect larva. Since the classical memoir
of Brauer (’69) on insect transformation, many students have

laid stress upon the facts of development among the Coleop-

tera—notably the hypermetamorphosis of the Meloidae, where

the campodeiform precedes the eruciform type in the life-

history—in conjunction with the relationship of the Coleoptera

to the more highly organised insects, such as the Lepidoptera

and Diptera, whose larvae are always eruciform or vermiform.

From these premisses they have argued that the active,

armoured larva must be in the phylogeny of the Insecta

VOL. 57, PART 4. NEW SERIES. 28
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more primitive than the legless grub
;
that there must have

been an increasing divergence between the imaginal and
larval stages in the course of insect evolution

;
and that such

larvae as bee-grubs and maggots—apparently simple in

structure—must be considered as the result of a long pro-

cess of degradation. Some years ago this question of the

divergence of imago and larva in the course of insect phyto-

geny was discussed at some length by one of the authors of

the present paper (Carpenter [ ’03j )

.

Recently several agricultural inquiries have supplied us

with a number of the root-eating larvae of Dascillus cer-

vinus. Neglected since the work of Erichson (’41) seventy

years ago, this larva has during the past ten years been

re-described by Boas (*96), Gahan (’OS), and the senior writer

of this paper (’09, pp. 589-591, pi. lv). It seemed to us

worth while to make a more careful study of the jaws than

had previously been attempted, especially as the typical

nature of the maxilla—in which all the parts of an adult

maxilla are normally developed—must be regarded on the

theory above mentioned as a primitive character. It is well

known that in the vast majority of beetle larvae, even in

typically campodeiform grubs like those of the Carabidae, the

maxilla has undergone simplification, the lacinia being repre-

sented only by a small bristle-bearing process.

The well-developed maxillae of the Dascillus larva, then,

encouraged us to look for other primitive characters m the

mouth, and we paid particular attention to the tongue

(hypopliarynx) and its associated structures. In the paper

(Carpenter [’03]) mentioned above, attention was recalled to

the pair of jaws—maxillulae—between the mandibles and the

maxillae, which, well-developed in many of the Apterygota,

are represented by Vestiges in some of the more primitive

Exopterygote insects. The nature of these maxillulae was

pointed out nearly twenty years ago by Hansen (’93), who
laid stress on their presence as indicating relationship between

the lower Insecta and the Crustacea., a view which we strongly

support. These maxillulae are always associated with th e
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hypopharynx, an organ which has been almost entirely

neglected by students of beetle-larvae. The result of our

work, described in detail below, has been to establish the

presence of maxillulas in the larvae of Dascillus, the first

recognition, as we believe, of these interesting appendages

in any stage of an Endopterygote (metabolic) insect.

For comparison with Dascillus, we have examined many
specimens of the larva of Helodes minuta, an aquatic

member of the same famiH. This larva lives beneath sub-

merged stones in hill-streams. Like that of Dascillus, it has

a firm, well-chitinised cuticle, but while the Dascillus larva is

stout in build, the Helodes grub is flattened like a woodlouse.

In this flattening*, as explained fully below, the head and

mouth parts are involved. The maxillulae, however, are in

this larva even more distinct than in that of Helodes, their

appendicular nature being beyond all possible doubt. We
find that our description of these structures in Helodes has

been anticipated by the researches of Rolpli (’74), who has

treated the mouth-parts of this and allied larvae with some

detail. We are glad, however, to confirm and extend his

observations, and to establish the true nature, of the minute

but highly interesting structures which he was the first

to see.

In the important paper already mentioned, Hansen
(

J

03)

gives reason for believing that the labial segment in insects

was primitively a trunk-segment, and has become secondarily

associated with the head, like the segment that bears the

maxillipeds in the arthrostracous Crustacea. Huxley (’77,

p. 403) had long previously suggested that the cervical

sclerites of the cockroach belong to the labial segment. In

the beetle larvse which we have examined we find support for

this view. The external appearance of the Dascillus larva

suggests that the labium is closely associated with the cuticle

of the neck. And in all the larva3, except Helodes, which we
have studied we find that the labium lies distinctly outside

and behind the ventral sclerite of the liead-capsule (see

Text-figs. 1, 2, 5). This fact is the more noteworthy because
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the base of the hypopharynx lies within and in front of that

sclerite. Nevertheless the tip of the hypopharynx in all

these larvae is fused with the distal extremity of the labium.

Besides these features of morphological importance, a

curious asymmetry of the labium of the Dascillus larva

attracted our attention. Teeth on the ventral, inner face of

the labrum (PI. 36, fig. 19, t, t
z ,

l) appear to work together

with similar structures on the hypopharynx (figs. 20, 21,

t'
,

t"
,)

and maxillulae, but the labral teeth are asymme-

trically arranged. Believing that this condition might have

some correlation with the root-feeding habit of the Dascillus

larva, we have made a comparative study of the correspond-

ing parts in the larva of Phyllopertha horticola, the

well-known Garden Chafer, and have found a somewhat

similar asymmetrical arrangement of the teeth on the labrum

(PI. 37, fig. 25). In the dung-feeding larva of the Dor-beetle

(Geotrupes), which we have also examined (PI. 37, figs. 23, 24),

a less well-marked asymmetry is observable in the labrum,

while the hypopharynx is strongly one-sided.

In both Phyllopertha and Geotrupes—belonging as is well

known to the Scarabaeidae, and exhibiting larval types more

specialised in nature than those of the Dascillidae—the

maxillulae are almost merged in the hypopharynx, but are,

we believe, recognisable on comparison with the correspond-

ing structures in the Dascillid larvae.

We proceed now to a detailed description of the mouth-

parts of these various larvae.

The Larva of Helodes minuta.

The specimens examined were found under stones in the

Glendhu River, near Dublin, in February, 1911. They are

rather inconspicuous little creatures, and require some search-

ing for; nor are they as abundant as the larvae of the May-

and caddis-flies, which share their haunts.

In general appearance the larva somewhat resembles a

small woodlouse, the very broad head region accentuating the
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likeness. The feelers are exceptionally long. The little

creature hides among fragments of stone, keeping its feelers

in a constant waving motion. On being molested it can move

rapidly through tlie water.

All the mouth appendages are somewhat displaced from

their typical position by a dorsi-ventral flattening of the head

region. The mouth parts have been already described and

figured by Rolph ('74, pp. 27-9, pi. i, figs. 25, 27, 31). Our

descriptions and figures must be regarded as a detailed sup-

plement to his careful work. The mouth parts are all formed

of a delicate, almost transparent cuticle, the mandibles being

more strongly chitinised than the other jaws.

Labrum and Epipharynx. (PL 35, fig. 10).

In correlation with the dorsi-ventral flattening of the head-

region, the labrum is about twice as broad as long. The

whole head-skeleton is symmetrical in every detail—a very

curious contrast to the very asymmetrical condition found in

the allied genus Dascillus.

The anterior margin of the labrum is straight, and beset

with stiff spines; its sides are raised into lobes convex

ventrally, and bearing delicate spines. The epipharynx

presents a complex series of teeth. Anteriorly occurs a row

of six small teeth arranged approximately in a semi-circle,

and enclosed by two transverse ridges connecting the convex

lobes of the labrum. Behind these teeth there is a finely

ridged raised area, beneath which protrude two slipper-shaped

teeth, which almost meet in the middle line. Behind these

, again are two still stronger teeth, against which the molar

surfaces of the mandibles work. Lastly, just posterior to these

teeth there is a peculiar four-sided prominence, the two

anterior corners of which are grooved and form articulating

surfaces for the inner mandibular condyle (PI. 35, fig. 10, Co).

The curious articulation of the mandible with the head

skeleton is indicated by the dotted outlines in fig. 10.

The anterior region of the labrum and epipharynx recalls
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the analogous structures in another onisciform larva, that of

the staphylinid Syntomium geneum (Schiodte [’73],pLxx,

fig. 5). The convex lobes in the latter bear sharper and

strouger spines, while the teeth of the semicircular row are

more numerous. Also, beneath the labrum of the Syntomium
larva two little rows of teeth occur far to the front of the

semicircular row.

The tentorium (PI. 35, fig. 10, ten.) is thin and transparent,

with each antero-lateral lobe deeply cleft. In this larva the

sclerite of the head-capsule is not continuous beneath the

labium, the two cheeks being connected only by the tentorial

plate.

Mandibles. (PI. 35, figs. 1-6.)

As noted by Polph
(

?

74, p. 28), the shape of the mandible

varies according to the age of the larva. Three stages in

the development of this organ are drawn in figs. 1-3, the

sequence of the figures indicating the comparative size of the

specimens. In its simplest stage (fig. I) the apex is quite

blunt and almost rounded, but as growth proceeds it becomes

sharp and pointed (fig. 2), and eventually, in the full-grown

larva, bifurcated (fig. 3).

As to the actual form of the mandible, very little can be

added to Rolplds accurate description. The inner surface

bears no lateral teeth, but is furnished with fine tufted hairs

arranged in two bunches (fig. 1, 7i.). Pig. 5 shows the

branched apex of one of these hairs. Beneath them there is

a very curious comb-like process (pr.) jointed to the mandible,

and bearing along its free edge from eight to ten teeth

arranged in a semicircle. The two lateral ridges of this

process are strongly chitinised, the anterior ridge showing a

transverse cleft and being prolonged iuto a sharp apical tooth

(fig. 4). The molar surface of the mandible is a strong

grinding structure, grooved and ridged like a file, the ridges

numbering about thirteen (fig. 6). Both at the top and base

occurs a tuft of sensory hairs, similar to those found more
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fully developed on tlie molar surface of tlie mandible of the

Dascillus larva.

The mandible articulates with the head skeleton dorsally

by means of the ginglymus (fig. 3, g.), and ventrally by

means of two condyles (fig. 10, C\ and C2 ). The ginglymus

works on the condyle on the ventral head skeleton (PI. 35,

fig. 10, C3). The condyle C
1
corresponds to the condyle

ordinarily found on insect mandibles, and works against the

side of the head skeleton, but C2
is an extra condyle below

the molar surface, working against a strong tooth on the

epipliarynx. An analagous structure was not found in any

of the other larvse examined.

Thus in the process of grinding, the molar surfaces of the

mandibles must not only work against each other, but also

against these strong teeth on the epipliarynx, and so the

food must be most efficiently ground.

Maxiliulse and Hypopliarynx. (PI. 35, figs. 11, 12.)

The maxillulse, hypopharynx (or tongue), and labium are

very closely associated, and rather difficult to separate with-

out injury. They are shown in fig. 11 in situ from the dorsal

aspect.

The maxillula
(
mxl.) is a small globular lobe projecting

outside the edge of the labium and articulating with a con-

dyle {con.) on the hypopharynx {hyp.). The surface of the

maxillula is covered with parallel rows of very minute teeth,

and on its inner edge occur a dozen or more curved teeth (£j).

The organ ends, as Rolph (loc. cit., pi. i, fig. 31) cl early

showed, in a sharply pointed apex covered with sensory hairs

(fig. 12). The presence of the apex projecting beyond the

labium, and the distinct articulation with the hypophaiynx,

confirm the view that this structure is a true appendage.

This is very important, for it shows beyond doubt that the

homologous toothed lobes on the hypopharynx of Dascillus

are maxillulae.

The hypopharynx {Hyp.) is formed of a number of complex



380 GEOEGE H. CARPENTER AND MABEL C. MACDOWELL.

sclerites, with two curved rows of teeth anteriorly (t2) . In

front of these occur two pair of curious flattened, stiff bristles

near the middle line. The anterior pair are short and stout,

and branched at the end into four finger-like processes; the

posterior pair are long and slender, with bifurcated apex.

All the sclerites of the hypopharynx can be separated intact

from the underlying labium.

Maxillae. (Pi. 35, figs. 7-9.)

In its component parts the maxilla, as mentioned above,

resembles that of an adult insect, but it is simpler, and its

lobes are somewhat fused.

It is composed of a horizontal basal segment, the cardo,

with which is articulated a vertical segment, the stipes. The

latter carries a palp externally, and an appendage internally

formed by the partial fusion of an external galea and an internal

lacinia.

The cardo
(
crd .) is broad, with a distinct basal ridge; the

stipes
(
stp .), somewhat triangular in shape, bears stiff spines

on its outer edge.

The palp is three-segmented, but the segmentation is only

partial. The terminal segment bears a little conical process

(fig. 7, pip.).

The galea (ga.) consists of two distinct sclerites, the outer

and more anterior bearing a crest of complex comb-like hairs

arranged in from five to six rows, between the bases of which

arise a large number of very fine hooked hairs, probably

sensory in function. Examples of both kinds of hairs are

shown highly magnified in Fig. 9. The lower sclerite is

curved and indented, the indentation exactly fitting into a

projection on the lacinia., so that the two structures interlock.

The lacinia (La.) is somewhat triangular in shape, find folds

round the base of the galea. This is a very characteristic

condition. Its apex is very complex and bears to the inside

a series of about eight curved toothed processes (fig. 8). Its

edge is beset with fine hairs.
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The galea and lacinia are covered over by a delicate cuticle,

so that they appear to move as one process.

Labium. (PI. 35, fig. 11.)

The labium is very broad, projects somewhat in front of

the head, and covers up the other jaws, except the maxillae,

which are somewhat displaced laterally, and protrude from

beneath it.

It consists of a basal piece or submentum (sm.), which is

ridged and bears a few spines along the ridge, and a large

broad mentum
(
mt .), which carries two stumpy two-segmented

palps (Lb. Pip). The margin of the mentum bears numerous

spines.

The Larva of Dascillus cervinus.

The specimens examined came from Clondalkin, Co. Dublin.

The larva is about four times as long as broad, with a large

and very broad head region. The stout mandibles project

beyond the curiously asymmetrical labrum. The antenna is

rather short and four-segmented—thus offering a strong

contrast to the exceedingly long antenna characteristic of the

allied genus Helodes. General figures of this larva occur in

the papers of Boas (*96), Gahan (’08), and Carpenter (’09),

while the larva of an American species of Dascillus has been

described by Rivers (’91). The skeleton is very strongly

ehitinised—the jaws forming powerful biting and grinding

organs.

Labrum. (PI. 36, fig. 19.)

The labrum is very asymmetrical—in this respect differing

from that of Helodes and agreeing with the labrum in

Geotrupesand Phyllopertlia, described below. It is somewhat

quadrilateral in shape ; its anterior margin carries short,

stout spines.

The asymmetry apparent on its dorsal aspect is still more

evident ventrally when the epipharynx is displayed. In the
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anterior region of the labrum, to the left of the middle line,

occur two small stout teeth About halfway back,

slightly to the right, another prominent median tooth (t
2)

is

seen. Two arm-like sclerites [a. scl.) curve down from the

anterior margin of the labrum and rest against two little

toothed lobes (Z), which though smaller in size, correspond in

position to the two maxillula-lobes (figs. 20, 21, mxl.) on the

tongue, against which they evidently work. Below the

median tooth (Z. 2 )
there is another long triangular median

sclerite (m. scl.) being three little bosses. The structure is

strengthened by lateral sclerites unevenly arranged and

irregular in form.

Rivers (*91, pi. ii, fig. 2) has figured the labrum of the

larva of Dascillus Davidsonii, in which also there is a

median-tooth and paired sets of lateral teeth. Rivers (loc.

cit., p. 94) draws attention to the adaptation of these teeth,

for biting in conjunction with those on the maxillulae and

hypopliarynx described below, and suggests the analogy

between this arrangement and that of a vertebrate jaw !

Mandibles. (PI. 36, figs. 13-15).

In correlation with the exceptionally large size of the head-

skeleton and the root-feeding habits of the larva, the mandibles

are strong and formidable, and controlled by powerful

muscles. As described by Gahan they are “ pointed at the

apex, each with two cutting teeth on the inner side, and a

slender movably articulated tooth (prostheca), between

which and the large molar tooth there is a broad depressed

space lined with a very pale-coloured integument.”

Besides the two cutting teeth the left mandible bears a

smaller tooth (fig. 13*) on its ventral aspect, situated below the

prostheca (ps.) and overhanging the depressed triangular

space (sp.). In some of the specimens examined the tip of

this tooth bears rudimentary processes similar to those occur-

ring on the maxillary spines.

The prostheca of the left mandible is longer and more



THE MOUTH-PARTS OF SOME BEETLE-LARViE. 383

slender than that of the right. In position this jointed appen-

dage is strikingly analogous to the cone-like structure found

on the mandible of Helodes (PI. 35, fig. 4).

The molar surface of the mandible is broad and strong,

and forms a very powerful grinding* organ. Grahan (’08,

p. 280) draws attention to the strong evidence of the vege-

tarian habits of the larva which this basal molar tooth

affords. The proximal surface is concave and ridged verti-

cally. Its ventral basal tip is prolonged into a curious

brush-like process (pr.), which is probably sensory in func-

tion. This process is represented on a more rudimentary

scale in Helodes. The convex dorsal aspect of the mandible

usually bears spines. The mandible of the larva of Das-
cillus Davidson ii, as described and figured by Rivers

(

;

91, p. 93, pi. ii, 5, 5a), differs apparently but little from

that of the D. cervinus larva.

Each mandible articulates with the head skeleton by means
of a condyle (c.) ventrally and a ginglymus

(g .) dorsally.

The condyle is connected by a double ridge with a small pro-

jecting boss
(
b .) immediately behind the molar tooth and

above the point of insertion of the tendon of the large

adductor muscle. The condyle works in a socket on the

ventral head skeleton.

Musculature.

There are two chief muscles controlling the mandibles—

a

large adductor or flexor (Ad., fig. 13), and a smaller abductor

or extensor (Ah., fig*. 14).

The adductor, the fibres of which pass to all parts of the

head skeleton, is inserted by means of a curious large tendon

( Td.) }
formed of pale yellow cuticle, and shaped somewhat like a

fan. To the edge of this fan-like tendon fibres pass from the

hinder margin and dorsal aspect of the head skeleton, while

those fibres which have their origin in the ventral plate of the

head are inserted all over the ventral suface of the tendon, and
have to be dissected away before the latter comes into view.
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The tendon is articulated with the jaw at the boss
(
b .). It is

somewhat obliquely set as shown in figs. 13,15.

The abductor muscle is much smaller than the adductor,

and is completely covered by the fibres of the latter. It has

two heads, and is inserted by means of a flat, rather spade-

shaped tendon (fig. 14, td.
1

)
on the external corner of the

mandible.

Maxillulse and Hypopharynx. (PI. 36, figs. 20-22.)

The hypopharynx lies between and somewhat behind the

mandibles, and dorsal to the labium. In contrast to the

•labrum it is quite symmetrical.

It consists of a flexible chitinous plate, supported and

strengthened by lateral and terminal complicated sclerites,

and bearing two stout median teeth on its ventral aspect.

The shape of the sclerites was very conveniently studied from

a cast cuticle as well as from the organ dissected out of spirit-

specimens of the larva.

The lateral sclerite (U. scl.) is a long curved structure

ending in a pointed apex (a.), sending out a toothed pro-

jection (b.) ventrally, which passes forwards and inwards,

and produced posteriorly into a long limb terminating in a

delicately chitinised, foot (pe .). This foot is provided with

curved ridges, which serve for the attachment of muscles,

and is strikingly comparable to a similar sclerite found at

the back of the tongue in many Collembola (see Folsom [*99],

pi. ii, fig. 10,pd.). Dorsally the lateral sclerite gives off another

arm (c.), beset with sensory hairs and passing in towards

the posterior median tooth (£."). (See PJ. 36, figs. 20, 21, 22.)

Anteriorly the apex of the lateral sclerite articulates with

a horizontal bar-like sclerite
(
t . scl.), which meets and fuses

with its companion of the other side. The cuticle is greatly

thickened over the point of fusion to form the anterior median

tooth (t/).

The anterior portion of the hypopharynx is formed of a

delicate cuticle beset with spines, which folds over towards
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tlie dorsal surface, forming two lateral lobes (l.l .) which over-

hang the articulation of the lateral and anterior sclerites.

Dorsally towards the middle of the body of the tongue two

small triangular sclerites occur. They seem to be merely

little thickened elevations on the general basal sclerite.

On the dorsal surface of the hypopharynx occur two

prominent lobed, toothed sclerites (mxl .), which from their

position and similarity to the maxillulae of Helodes are, we

have no doubt, true maxillulas, which have become, as usual,

somewhat fused with the tongue.

They are jointed on to the lateral sclerites, but are not

movable owing to this partial fusion with the hypopharynx.

The lobes are convex dorsally. The delicate cuticularised

inner edge is closely apposed to the tongue, and is very finely

striated. The dorsal edge is toothed, bearing usually about

twelve teeth, most of which are bifid. Along the margin

behind the teeth are a number of delicate spines.

As mentioned above, Rivers (*91, p. 94, pi. ii, fig. 4) has

described and roughly figured a somewhat similar arrange-

ment of teeth on the hypopharynx of the larva of Dascillus

Davidsonii. The appendicular nature of the lobes that

bear the lateral series of teeth would hardly be suspected

except on comparison with the corresponding structures in the

Helodes larva. The strong development of these maxillulae,

in correlation with the functional activity of their teeth

working vertically against the teeth of the epipharynx, is a

most interesting feature.

Maxillas. (PI. 36, figs. 16, 17.)

The maxilla conforms very remarkably to the type found

in adult insects, and thus indicates the primitive character of

this larva.

It consists of a horizontal basal segment, the cardo (car.),

succeeded by a vertical segment, the stipes (stp.), which

bears a segmented palp (pip.) externally and two lobes, galea

and lacinia, internally.
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The car do is rather complexly folded, and its line of

articulation is somewhat curved and oblique. It carries a

very few spines. The stipes is somewhat quadrilateral in

outline, carries some short spines on its ventral aspect, and

some long spines on its external margin. Its surface is also

enfolded.

The palp is tliree-segmented, but the segmentation is not

complete. Both the inner and outer edges bear a few stiff

spines.

The galea is slender and pointed, and beset with stiff hairs

near the apex. Its articulation with the stipes is well marked.

The lac ini a has a bifid tip, and bears many spines, some

jof which are peculiarly modified, showing at the tip the

appearance of incipient branching. Several stages in the

modification of these spines are shown in fig. 17. In some

of the specimens examined similar spines were found on the

galea, though their occurrence there is less usual than on the

lacinia.

Labium. (PI. 36, fig. 18.)

The labium is composed of light coloured transparent

cuticle. It consists of a broad mentum (mt.)
}
a narrower

submentum [sin.), two short, stout palps (Lb. Pip.), and an

indented ligula (l). The mentum is convex ventrally and beset

with stiff spines. The submentum is pitted all over with small

circular depressions, giving it a somewhat honeycomb-like

appearance. The suture between the mentum and submentum

is incomplete.

The close association of the submentum with the neck

sclerities (nk.-scl .), recalling the condition in the Orthoptera,

is another indication of the primitive character of this

larva.

Also, on dissecting away the maxillas and labium, we find

that the head-skeleton is quite continuous beneath them, so

that the ventral head sclerite, composed of pale, almost trans-

parent cuticle, has to be removed before the underlying
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hypopharynx is exposed (Text-fig. 1). This condition lends

strong support to the theory (see “ Introduction/’ p. 373)

that the labial appendages belong to a segment primitively

thoracic, which in development becomes associated with the

head. It is most interesting to find the same conditions in

Geotrupes and Phyllopertha (see below).

The absence of the ventral head sclerite in Helodes is

probably due to the dorsi-ventral flattening and lateral

displacement of the mouth-parts.

Text-fig. 1.

Dascillus cervinus. Head of larva, ventral view. The labium
and associated cervical sclerites (a) together with the maxillae

have been removed so as to expose the ventral sclerite
(v . s.) of

the liead-capsule and the hypopharynx (hyp.), x 16 .

The Larva] of Geotrupes and Phyllopertha.

The jaws of these two larvae have been described and

figured by other observers, notably Schiodte (’74, pp. 336-340,

307-310, pis. xvi, figs. 1—1 8, xii, figs. 8-14), so that it is only

necessary to draw attention to those facts of structure which

are of significance with regard to the conclusions of this paper.

As far as we can find out the tongues have hot as yet been

studied, so that it seems well to describe and figure them in

some detail.

In both the larvae the head skeleton is quite continuous

beueath the labium, and the neck-sclerites are markedly

posterior in position (see Text-figs. 2, 3).
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GrEOTRUPES.

Lab rum. (PI. 37, fig. 23.)

The labrum is very broad and asymmetrical, recalling that

of Dascillus. Its anterior margin is beset with stiff spines.

Anteriorly the ventral surface is divided into three parts by
two vertical ridges.

Text-fig. 2.

Geotrupes sp. Head of larva, ventral view. A. With all appen-
dages in sitn. b. With the labium and maxillae removed,
exposing the ventral head-sclerite (v. s .) and the hypopharynx
(hyp.). X 12.

The epipharynx consists of a large median sclerite (m. scl.),

which is somewhat displaced to the right of the middle line,

and is continued into two transverse ridges, which curve

back posteriorly. Anterior to this median sclerite and

situated in the median third division of the front region of
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the labram there is an arch of small spines, at the crest of

which are six small teeth (t.J, which correspond in position

to the six little teeth on the labrum of Helodes (PI. 35,

fig. 10). Posterior to the median sclerite occur two short

stout teeth (Z.
2 )

just at the middle line. Lateral to these are

two curved bundles of spines (Z.), which may correspond to the

two toothed lobes (PI. 36, fig. 19, Z.) on the labrum of Dascillus.

In the strongly developed condition of the cuticle composing

the labrum, and in its marked asymmetry, Geotrnpes is

strikingly analogous to Dascillus. Whether the asymmetry

of the labrum has any connection with the feeding habits of

the larva is a point which still needs elucidation. Geotrupes,

however, is a dung-eater, while Dascillus and Phyllopertha

(see below, pp. 391, 392) feed on roots.

Maxillulae and Hypopliarynx. (PI. 37, fig. 24.)

The hypopharynx lies somewhat obliquely in the mouth,

being connected anteriorly with the labium by a definite

suture (text-figs. 3, 4). The basilar membrane turns back

dorsally to line the roof of the mouth cavity, being pierced at

the back of the mouth by the opening of the gullet (Text-

fig. 3).

The hypopharynx is strongly chitinised. It has a rough

superficial symmetry, which disappears on close examination.

The anterior region is composed of tough transparent

chitin, forming a boss beset with spines, which is united

with the spined margin of the labium, being marked off from

it by the aforementioned suture. The region behind this

boss is very strongly chitinised and bears two stout teeth

(Z.
3 ,

Z.
4) and two lateral group of spines (mxl.). Posterior to

this region the hypopharynx is continued into a finely

chitinised basilar membrane, which is longitudinally ridged

and very finely striated.

There is an interesting general resemblance between this

tongue and that of the Dascillus larva (PI. 36, fig. 20). The
anterior boss may be compared to the anterior lobes of the

latter (fig. 20, Z.Z.). The two large teeth (Z.
3

Z.
4), though very
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asymmetrically placed, evidently correspond to the median
teeth (t/ t.") on the Dascillus tongue. The sclerites have
suffered great fusion in Geotrupes, their boundaries being

indistinguishable.

Text-fig. 3.

Geotrupes sp. Lateral view of the labium (la.) and hypo-
pliarynx (hyp.) fused distally along the suture (s.). Somewhat
diagrammatic. X 25.

Text-fig. 4.

hyp

Geotrupes sp. Tip of hypopliarynx (hyp.) and labium (la.),

showing suture (s.). x 25.

The maxillulae are undoubtedly represented by the lobes

bearing the lateral groups of spines (mxl.), and corresponding

in position to the maxillulae of Helodes and Dascillus. They

are on the verge of disappearance in this family, being quite

vertigial in Phyllopertha. Schiodte (’74, pl.xiv, fig. 8) shows,

however, that they are fairly well developed in the larva of
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Ateuchus semi pane tat us, and designates them “para-

glossae.'”

As in the Dascillus larva, the labium is situated behind the

ventral head-sclerite, in front of which is the base of the hypo-

pharynx (see Text-figs. 2, a, b, 3). The definite suture

(Text-fig. 4, s) between the labium and hypopharynx is an

interesting feature in this larva. In the other larvse which

we have studied, the fusion between the tips of labium and

hypopharynx is so intimate that no boundary can be traced

between the two structures.

Phyllopertha.

La brum. (PI. 37, fig. 25.)

As in Dascillus and Geotrupes, the labrum of this larva is

asymmetrical. The ventral surface is beset with spines.

Posteriorly the labrum is strengthened by three transverse

posterior sclerites (p. scl.). Just anterior to these sclerites,

near the middle line, is a bunch of five spines. A curious

little lobe bearing three teeth (£.x) occurs near the anterior

border, to the right of the middle line. This little lobe prob-

ably corresponds to the two teeth on the labrum of Dascillus

(PL 36, fig. 19 1 1), which so definitely mark its asymmetry.

The labrum of this larva is not so densely chitiuised as

that of Dascillus.

Maxillula; and Hypopharynx. (PI. 37, figs. 26-28.)

The shape and position of the tongue recall the condition

in the Dascillus larva. The lateral sclerites are rather inti-

mately connected with the large tendons of the adductor

muscles of the mandibles.

The hypopharynx is strongly chitiuised and very asym-

metrical. As in Dascillus and Geotrupes, it consists of an

anterior boss of transparent cuticle,- a very strongly chitinised

middle region, and a posterior basilar membrane, which turns

back dorsally to meet the epipharynx.

The anterior boss is beset with spines and very intimately
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connected with the anterior margin of the labium. Behind

this boss the tongue is strengthened by a large transverse

sclerite (tr. scl.), the sides of which pass into the lateral

sclerites (It. scl.); the latter are prolonged backwards and

merge iuto the posterior basilar membrane. The transverse

sclerite bears a large toothed projection ( t . 2), which is very

asymmetrically placed to the right of the middle line. It

corresponds to the similarly placed tooth of Geotrupes (PI. 37,

fig. 24, £.4)
and to the anterior median tooth of Dascillus

(PI. 36 ,
fig. 20, t}). Just beneath it, the transverse sclerite is

Text-fig. 5.

A B
Phy llopertha liorticola. Head of larva, ventral view.

A. With all appendages in situ. B. With the labium and
maxillae removed, exposing the ventral liead-sclerite (v. s .) and
the liypopharynx {hyp). X 12.

raised into a definite ridge bearing spines. The lateral

sclerite on the left-hand side of the tongue bears a definite

ridge with a group of long spines on its inner dorsal margin

(figs. 26 and 27 sp.).

The posterior membrane is much more delicate than in

Geotrupes. It bears a number of curious little bosses

(fig. 28, a), which serve as points of attachments for the

tendons of the muscles which work the tongue.

On the dorsal surface of the transverse sclerite on the left-

hand side there is an interesting little lobe with a toothed

margin (fig. 27, mxl.). It recalls the spinose lobes on the
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tongue of Geotrupes and the maxillulae of Dascillus, and

evidently represents the left maxillula. It is curious that

this appendage should have persisted in a vestigial form on

one side only of the tongue. The spines in a somewhat

corresponding position on the right-hand side (fig. 27, sp.
1

)

resemble in character those below the transverse sclerite on

the left rather than those of the maxillular lobe opposite, so

that we are inclined to regard the presence of the latter on

the right-hand side as exceedingly doubtful. If represented

at all, it has undergone much more degeneration than on the

left. The position of the labium with regard to the head-

skeleton and liypopharynx (Text-fig. 5, a, b) in the Phyllo-

pertha larva is closely similar to what we have already noted

in the cases of Dascillus and Geotrupes.

Conclusion.

We trust that this brief study has proved the great interest

which surrounds the tongue and its associated structures in

the larvae of Coleoptera. We hope that we or others may
have opportunity for the further pursuit of the inquiry.

There can be little doubt that the maxillulae—those appen-

dages so characteristic of the most primitive insects—which we
find distinctly present in larval Dascillidae, and in a vestigial

condition in Scarabaeid larvae, will be observed in the larvae

of beetles of other families. The comparisons of these

structures in a large series of forms will reveal further stages

in that process of degeneration which we have shown to be

illustrated by their successive reduction in Helodes, Dascillus,

Geotrupes, and Phyllopertlia respectively.

As we have already pointed out in the Introduction, the

comparatively full development of the maxillulae. in the

campodeiform Dascillid larvae, and their reduction to minute

vestiges in the eruciform Scarabaeid grubs, afford strong-

support to our belief in the primitive nature of the former

type. The fact that in these beetle larvae alone among
metabolic insects have the maxillulae as yet been detected

suggests that the Coleoptera must be, in many respects at
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least, a primitive order of the Eudopterygota. And the

persistence of the maxillulse in these larvse tells us not only

that the campodeiform type is venerable in the history of

insect transformation, but, further, that in the hard-cuticled

beetle-grub, with its likeness to a bristle-tail or a woodlouse,

we have at least some hint as to the phytogeny of the higher

orders of wiuged insects as a whole.
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EXPLANATION OF PLATES 35-37,

Illustrating the paper by Prof. George H. Carpenter and Miss

Mabel C. MacDowell on “The Mouth-Parts of some

Beetle-Larvae (Dascillidas and Scarabaeidae), with Especial

Beference to the Maxillulae and Hypopharynx.”

PLATE 35.

Helodes—Larva.

Fig. 1.—Right mandible (ventral view) of very young larva. X 130.

Fig. 2.— Right mandible of older larva. X 130.

Fig. 3.—Left mandible (dorsal view) of full-grown larva. X 130. c.

c3 . Condyles, g. Ginglymus. mp. Pars molaris. h. Hairs, pr. Comb-
like process, ad. Adductor muscle.

Fig. 4.—Cone-like process on mandible (ventral view), x 400.

Fig. 5.—Tip of tufted hair on mandible. X 800.

Fig. 6.—Molar surface of mandible, x 300.

Fig. 7.—Left maxilla (ventral view). X 130. crd. Cardo. stp. Stipes.

pip. Palp. ga. Galea, la. Lacinia. in. Adductor muscle.

Fig. 8.—Apex of left lacinia. x 300.

Fig. 9.—Two types of hairs on galea. X 400.

Fig. 10.—Ventral head skeleton, with dotted outline of left mandible.

xl30. Ibr. Labrum. an. Base of antenna. c
x , c

2 . Mandibular con-

dyles. c3 . Condyle on head-capsule, ten. Tentorium.

Fig. 11.—Labium, maxillulae and hypopharynx (dorsal view). X 130.

mxl. Maxillula. hyp. Hypopharynx. lb. Labium, sin. Submentum.
nit. Mentum. lb. pip. Labial palp. con. Condyle on hypopharynx.

tv Teeth on maxillula. t.
2 . Teeth on tongue.

Fig. 12.—Apex of left maxillula. x 300.

PLATE 30.

Dascillus cervinus—Larva.

Fig. 13.—Left mandible (ventral view), x G5.

Fig. 14.—Right mandible (dorsal view), x 65.

Fig. 15.—Molar surface of mandible (internal view), showing insertion

of tendon of adductor muscle. x 05. ps. Prostlieca. t. Posterior

tooth, sp. Triangular space, mp. Pars molaris. pr. Sensory process.
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b. Boss. c. Condyle, g. Ginglymus. ad. Adductor muscle, td. Its

tendon, ab. Abductor muscle.

Fig 16.—Left maxilla (ventral view), x 65.

Fig. 17.—Apices of spines on lacinia. x 170.

Fig. 18.—Labium (ventral view). x 65. car. Cardo. stp. Stipes.

pip. Maxillary palp. ga. Galea. la. Lacinia. mt. Mentum. sm.

Submentum. lb. pip. Labial pulp. 1. Ligula. nlc. scl. Neck sclerites.

Fig. 19.—Labrum (ventral view). x 65. t. Anterior teeth, a. scl.

Anterior sclerite. 1 . Toothed lobe. t.
2 . Posterior median tooth, m. scl.

Median sclerite.

Fig. 20.—Hypopliarynx and maxillulse (dorsal view), x 65.

Fig. 21.—Hypopliarynx and maxillulse (side view). X 65.

Fig. 22.—Hypopharynx and maxillulse (half ventral view). X 65.

1. 1 . Anterior lateral lobes, t'

.

Anterior tooth on tongue, t"

.

Posterior

tooth. It. scl. Lateral sclerite. pe. Foot of tongue, t. scl. Transverse

sclerite. p. scl. Posterior sclerite. mxl. Maxillula. a. Apex of lateral

sclerite. b. c. Projections on lateral sclerite.

PLATE 37.

Geotrupes—Larva.

Fig. 23.—Labrum (ventral view). X 65. t
x

. Anterior teeth of

labrum. m. scl. Median sclerite. 1. Spiny lobe. U. Posterior teeth of

labrum.

Fig. 24.—Hypopharynx (dorsal view). X 65. tr Anterior tooth of

tongue. t6 . Posterior tooth of tongue, mxl. Maxilla.

Fig. 25.—Labrum (ventral view), x 65. tv Anterior teeth of labrum.

p. scl. Posterior sclerites of labrum.

Fig. 26.—Hypopharynx (side view). X 65.

Fig. 27.—Hypopharynx (dorsal view). X 65.

Fig. 28.—Hypopharynx (ventral view). X 65. t,2 . Anterior tooth of

hypopharynx. tr. scl. Transverse sclerite. It. scl. Lateral sclerite.

sp. Group of spines on left lateral sclerite. sp\ Group of spines on

transverse sclerite (dorsal surface). a. Boss on basilar membrane.

mxl. Maxillula.
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Introduction.

The little worm which forms the subject of this paper was

found by me in the month of May of last year, 1911, in one

of the sea-water tanks of the Stazione Zoologica at Naples. 1

On close inspection it turned out to be a member of that

1 I wish here to express my thanks to the authorities of Cambridge
University, who granted me the use of a table at Naples.

VOL. 57, PART 4. NEW SERIES. 30
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somewhat ill-defined group known as the Archiannelida.

Under the impression that it was quite a new form, I was on

the point of issuing this account of its habits and structure

when I discovered that M. de Beauchamp had last year begun

to publish a description of this very animal in the ‘Bull.

Scient. de la France et de la Belgique*
(2).

1 It appears to be no

other than the Ner ilia antennata, so named by 0. Schmidt

in 1848
(21 ), and hitherto considered as an aberrant Poly-

chaete. Since then de Quatrefages
(
16

)
and Claparede

(
3

)

have written about it, and Miss Pereyaslawzewa
(13 )

pub-

lished a long account of its anatomy, which (as already

pointed out by de Beauchamp) is neither complete nor

correct. To M. de Beauchamp belongs the credit of having

begun the first accurate account of Nerilla, and of having-

first pointed out its resemblances to Protodrilus.

General Appearance and Habits.

Nerilla antennata is a very small creature, full-grown

specimens being about 1'5 mm. in length. The sexes are

separate and of similar size and outward shape. The body is

nearly colourless and transparent, with, however, some

brownish epidermal pigment in the head and a greenish-

brown tinge towards the middle, due to the presence of

granules in the wall of the alimentary canal. When mature

the ripe spermatozoa, or ova, give an opaque, white appear-

ance to the hinder region of the body.

The worms were found in large numbers in the tank,

apparently spending most of their life at the bottom, in the

mud chiefly composed of diatoms and other algae. These

plants form their exclusive diet. When undisturbed the

Nerilla creeps about a flat surface, moving by means

of the ciliated ventral groove which extends along the

1 I immediately wrote to M. de Beauchamp, who courteously urged

me to publish my observations, as his own are still incomplete and

unlikely to be finished for some time. With bis approval, then, this

paper is published, giving for the sake of completeness a full descrip-

tion of my results with very little alteration.
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ventral surface of the body. It proceeds evenly along/

with passive parapodia, only twisting its head from side to side

and using the prostomial and first pair of parapodial cirri

as feelers. In this way it progresses at a fair speed.

Occasionally, however, and especially when disturbed, it

may rise up from the bottom swimming, or rather darting,

swiftly -for a short distance with a sudden rapid sinuous

motion of the body, as already noticed by de Quatrefages.

Alighting on some new spot the worm will then continue its

even course propelled by cilia alone. The parapodia are

used chiefly when the worm is climbing over a rough surface.

When placed in a shallow dish of sea-water Nerilla may often

be seen floating near the top close against the surface film ;

if disturbed it darts away to the bottom.

Nerilla has an aversion to light
;

it is negatively photo-

tactic. Thanks to this property I was able to devise an easy

method of collecting large numbers from the mud in which

they live. The method is as follows : A flat dish with about

an inch of sea-water is placed near a window, and in it is

gently dropped some mud at the end near the light. In a short

time a solemn procession of the little worms is seen issuing

from the mud and moving towards the darker end of the

dish. Here they gather, and can then be easily taken up in

a pipette.

They are very hardy ; it is easy to keep them alive in

ordinary sea-water for several days even in quite a small

capsule. In filtered sea-water free from bacteria, but to which

have been added some of the algse on which they feed, they will

thrive. I have a large number alive and breeding in Oxford,

which were kindly sent to me from Naples by post last July

by Mr. K. R. Lewin.

External Morphology.

The body consists of a prostomium, nine trunk segments,

and a pygidium (fig. 1). Two pairs of eyes are placed on

the dorsal surface of the prostomium, and in front of these
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three tentacles or prostomial cirri project forwards (figs. 1, 2).

The median tentacle is generally raised up slightly above the

two lateral tentacles which diverge from it; these are usually

carried with their tips quite near tlie ground. All the

tentacles are movable and jointed, and provided with sensory

hairs. On either side, just in front of the ventral mouth, is

a club-shaped movable palp, projecting from the ventro-

lateral surface of the prostomium. Sensoiy hairs are set on

the palps, and their anterior surface is strongly ciliated

(figs. 2, 3). Where the prostomium joins the first segment is

a deep ciliated groove on each side, it is the sensory nuchal

organ commonly found in Archiannelids and in the Poly-

chaeta (figs. 1, 2.)

Each of the nine trunk segments bears a pair of parapodia.

The segments vary in length, becoming shorter at the hind

end of the body
;
the first is not quite as long as the second,

which is the longest of all. No well-marked inter-segmental

grooves are visible, but indistinct annuli, five or six in

number in most segments, occur all along the trunk.

The parapodia are blunt hollow outgrowths of the body

wall, to some extent retractile and elongated dorso-ventrally.

Except in the first segment, each is provided with a dorsal

and a ventral bundle of chaetae, and except in the last

segment with a slender cirrus between them (fig. 4). The

parapodium of the first segment is smaller than the succeed-

ing ones. It bears only a dorsal bundle of chaetae, but its

cirrus is much longer and more like the prostomial tentacles,

both in structure and function, than are those of the other

segments (figs. 1, 9). They are generally carried pointing

directly outwards or slightly forwards. The chaetae of the

first parapodium also differ from those of the other segments,

being fewer in number (from 4—6) and pointing almost

directly backwards (figs. 1, 2).

The cirri of the next seven segments are indistinctly jointed,

and provided with sensory hairs
;
but they diminish in length

and in the number of joints towards the hind end. They are

also less movable, being carried stiffly sloping backwards.
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The last parapodium has no cirrus, retaining, however, the

usual two bundles of chaetse. De Beauchamp states that in

his specimens the last segment only bears one bundle of

chaetae.

All the chaetae are simple and needle-shaped, with distal ends

tapering to a fine point (figs. 1, 4). They are firmly embedded,

in bundles of about ten to sixteen, in a cushion of epidermal

tissue, which can be moved by appropriate muscles attached

to the inner surface of the body-wall (figs. 8, 15). Thus,

although the chaetae are arranged in dorsal and ventral

bundles, the parapodia are not divided into a noto- and a

neuropodium as in most Polychaeta. But the parapodia

resemble very closely those of Saccocirrus in general char-

acter, without, however, being' so retractile.

In the presence of chaetae in the parapodia of the first

segment Nerilla differs, so far as I am aware, from all known
Chaetopods. It maybe considered as primitive in this respect,

since the absence of chaetae on this segment is probably due

to a process of cephalisation, which can only be looked upon

as secondary.

The anus is dorsal to a triangular pygidial tail process

bearing two long jointed anal cirri. These are similar to the

other cirri just described, but rather stouter (figs. 1, 5, 20).

Kows of glandular cells, secreting a sticky substance, are

situated on the ventral surface of the pygidum and its

posterior process (fig. 7). This region serves as an adhesive

organ whereby the worm can fix itself on to some foreign

object.

The mouth is large, with a crescentic lip forming its

posterior limit, and a less well-defined bilobed lip in front

(fig. 3). Cilia spread over the ventral surface of the pros-

tomium and over the front and lateral walls of the buccal

cavity. A ventral ciliated tract extends along the whole

length of the body from immediately behind the mouth to the

tip of the caudal appendage (figs. 3, 9). It flattens out just

behind the mouth and on the pygidium
;
but along the rest of

the trunk forms a definite deep groove easily seen in sections
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(fig. 36). In the male this ciliated groove is interrupted on

the seventh segment by the median genital pore (figs. 10, 20,

24).

An incomplete ring of cilia runs up from below on to the

dorsal surface of the prostomium between the lateral tentacles

and the eyes (fig. 2). As in Dinophilus, there is a gap between

the two halves on the top of the head. Similar but more exten-

sive incomplete rings of cilia are seen behind each parapodium,

from the second to the eighth inclusive (fig. 1). These cili-

ated rings appear to vary considerably in their development

;

in some specimens they are certainly complete dorsallv on the

segments behind the second, and they often are continued

ventrally so as to join the longitudinal ciliated tract. Behind

the ninth pair of parapodia the ring of cilia surrounding the

anus is complete (fig. 5). Half-way between each successive

pair of parapodia, from the first to the last, is situated on the

side of the body a little patch consisting of some five or six

rows of ciliated cells on a thickening of the epidermis (figs.

1, 8, 27 scp.) Possibly it represents a segmental sense-organ;

but I have no positive evidence of its sensory nature. These

patches were first described by de Quatref'ages as “ mamelons

cilies” (16), and mistaken by Claparede (3) for the nephridio-

pores.

The nephridial and genital openings will be described later.

The Epidermis, Nervous System, and Sense-Organs.

A very delicate cuticle covers the whole surface of the

worm. Under it lies the epidermis, usually thin, but thick-

ened here and therein special regions. Large gland-cells are

found on the prostomium, and also gathered together on the

ventral surface of the body, forming bulging masses project-

ing far into the coelom at the base of the parapodia (figs. 18,

25 gl.) Gland-cells are also present, as already mentioned,

on the ventral surface of the pygidium, and extend in dimi-

nishing numbers up the ciliated groove (fig. 7). Befringent

granules occur dispersed in the epidermis, particularly on the
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head, where they are especially numerous in the region of the

nuchal organ. Here the granules are of a brownish tinge,

and lend a colour to the skin.

The nervous system consists of a brain and two longi-

tudinal cords extending on either side of the ventral ciliated

groove to the posterior end of the body (figs. 2, 20, 35, 36).

The whole system adheres closely to the epidermis, being, in

fact, so intimately connected with it that no clear line of

demarcation can be made out except on certain, parts of

the brain. While the nerve-fibres are chiefly grouped

on the inner surface, the ganglion cells occupy the outer

region. The brain is a bilobed mass lying on the ventral and

lateral walls of the prostomium below the origin of the ten-

tacles (fig. 35). From it arise two oesophageal connectives,

which pass down on either side to join the ventral cords (fig.

37). No ganglionic swellings or aggregations are to be seen

on these cords
;
but fine transverse fibres connect the two,

and nerves pass out to the peripheral parts. Unfortunately

the nervous system does not differentiate with methylene

blue, so it is scarcely possible to follow it out in detail.

Sensory hairs occur on the palps, tentacles, and cirri

;

especially near the distal ends of the joints.

Of the four eyes the first pair is the larger, and is directed

outwards and forwards (fig. 2). This is determined from the

position of the distinct lens lying in the deeply pigmented

yellow-brown cup. The hinder, smaller pair point outwards

and backwards.

As observed by Miss Pereyaslawzewa, the eyes are verv

brilliant
;
against a dark background they shine like the eyes

of a cat in the dusk. The nuchal organ is in the form of a

deep crescentic groove, with thick edges, and strong cilia

on the posterior face of the depression (fig. 2). It communi-
cates by a deep groove with the mouth (fig. 3). It has

already been mentioned that lateral ciliated patches occur on

each segment, which may possibly act as sense-organs (fig. 1).
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The Alimentary Canal.

A straight alimentary canal, ciliated throughout, stretches

from mouth to anus (fig. 20). The mouth leads into the

buccal cavity, from the floor of which arises the so-called

muscular pharynx (fig. 35), a ventral diverticulum. No cilia

are present on the lining of this pharynx; its shape is some-

what oval, and its ventral wall very thick and muscular. In

fact it closely resembles the similar organ found in other

Archiannelids, such as Dinophilus, Protoarilus, and Sacco-

cirrus as already pointed out by de Beauchamp (2).

Sections through the pharynx of Nerilla, both transverse

and longitudinal (figs. 35, 37), are very like corresponding-

sections given by Pierantoni in his fine monograph of Proto-

drilus. In Nerilla, however, there is no thick deposit of

cuticular substance such as occurs in Protodrilus, nor are there

any teeth as in the Histriobdellids. The pharynx of Nerilla

is more like that which I have described in Saccocirrus,1

though not quite so much developed
(
8 ).

The narrow oesophagus widens out into the stomach in the

second segment. Immediately in front of the stomach lie

the salivary glands on each side, consisting of a mass of

unicellular glands (figs. 1, 35, 37, oegl.). The gland-cells are

very granular, and stain very deeply in a quite characteristic

manner. Their ducts can be traced for the most part for-

ward to the anterior edge of the fold overhanging the

muscular pharynx. Here they open into the buccal cavity,

1 Both Salensky
(19 ) and Pierantoni

(15 ) deny the existence of the

muscular pharynx which I described in Saccocirrus (8). I can only

account for these authors’ statements on the supposition that they

investigated incomplete specimens. Saccocirrus often reaches the

laboratory after rough handling, and in a somewhat mutilated condition.

The pharynx is probably eversible, and may very possibly be torn off.

There can be no possible doubt that it is normally present in Naples

specimens
;

it can be seen in living and in preserved worms, and is, of

course, quite easy to make out in sections, both transverse and longitu-

dinal (see figures 1, 19, and 20, on plates 27 and 29 of my paper on

Saccocirrus [8]).
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just as they do in Protodrilus according to Pierantoni (
14 ).

A few of these cells may sometimes be found scattered on

the anterior wall of the oesophagus, and some may open

independently into its lumen. Salivary glands quite similar

in structure and staining properties have been described by

Nelson in Dinophilus conklini
(
18 ).

The limit between the oesophagus and the stomacli is

generally marked by a circular fold
;
the limit between the

stomach and intestine is still more definitely shown by a

pyloric thickening of the wall surrounding the lumen in the

sixth segment (fig. 1). Running along on each side of the

stomach wall is a band of gland-cells, very conspicuous in

section owing to the great avidity for stains of the granules

which fill them (figs. 13, 21). The glandular band begins a

little way behind the front end of the stomach, reaches its

greatest development about half-way down, and dies away
again before the pylorus. The cells which compose it open

independently into the cavity of the stomach, passing between

the ordinary ciliated epithelial cells. Their swollen bodies,

full of granules, bulge outwards on to the surface of the

epithelium, giving the wall of the gut the appearance of

being formed of more than one layer (fig. 13). Quite similar

cells scattered in the wall of the stomach have been described

by Nelson in Dinophilus
(
18 ). Strangely enough, Miss

Pereyaslawzewa mistook these gland-cells for developing

germ-cells in both sexes
(
13 ). A ventral groove runs along

the intestine, due to a slight folding of the floor, and along

it the cilia, at all events at times, work forwards, as is so

ofyen the case in Syllids. Immediately in front of the anus

there is a quite short rectal region with thick ventral wall
;

presumably it represents the proctodaeum.

The C(elom and General Mesoblastic Tissues.

There is a clearly defined body-cavity having all the

essential characters of a coelom. The coelom of the first

segment extends into the prostomium : it is closed off by a



406 EDWIN S. GOODRICH.

septum passing behind the pharynx. The septa separating

the next three segments are very incomplete in both sexes,

so that their cavities communicate freely with each other.

In the male complete septa occur between segments 4

and 5, 5 and 6, 6 and 7, and 7 and 8
;

in the female

only the first three of these septa appear to be com-

plete. In sections coelomic epithelium can be seen to cover

the alimentary canal, and, of course, the two faces of the

septa. It is less distinct, though still traceable, on the

nephridia (figs. 13, 36). On the other hand, it is very

difficult to make out on the body-wall, and I am not sure

that a distinct epithelium exists here separate from the

muscles. The coelomic cavity extends up the hollow tenta-

cles, palps, and cirri (figs. 4, 35) ;
it reaches the tentacles as

a median channel over the brain, which divides into three

canals at their base (fig*. 35).

A nearly complete ventral mesentery extends along the

greater length of the alimentary canal below the longitudinal

ventral blood-vessel (figs. 22, 23). The dorsal longitudinal

mesentery is much less complete, remaining only here and

there as narrow strips.

Very few coelomic corpuscles are to be seen floating in

th e coelomic fluid. A few cells with small granules occur

separate or in strings in the first segment. Spreading in all

directions through the coelom is found a peculiar mesenchy-

matous network, which is of considerable morphological

interest, and may possibly take the place of the floating*

corpuscles more usually found in Annelids. This network

has exceedingly delicate branches, and is best studied in the

living worm, where it is seen to consist of branching cells

forming slender strands, chiefly longitudinal, with the finest

threads of protoplasm extending to all the surrounding sur-

faces. A portion of the network is shown in fig. 8, stretching*

from the body-wall to the stomach. Similar strands pass up

the cavity of the tentacles and cirri, or join the nephridia to

the neighbouring parts (fig. 15).

The significance of this mesenchymatous network will be
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discussed below when treating’ of the body-cavity in the

Archiannelids.

The Vascular System.

There is a simple vascular system, discovered and described

by de Beauchamp
(
2 ). The blood being colourless and the

walls of the vessels exceedingly delicate, it is very difficult to

follow out the whole course of the system even in sections.

As stated by de Beauchamp, there is a distinct peri-intestinal

sinus extending over the dorsal and lateral surface of the

intestine and hinder part of the stomach; from this sinus

springs a median dorsal vessel, whicl/runs forwards above the

oesophagus to tbe head, where it divides into two branches.

These pass backwards and downwards on either side of the

pharynx,1 and join to a median ventral vessel running along

below the stomach and intestine (figs. 30, 37, etc.). The

vascular system is represented diagrammatically in fig. 20.

Besides the vessels just mentioned there is in the female a

laterad vessel not hitherto observed. It comes off the longi-

tudinal ventral vessel in the sixth segment, and runs over

the surface of the ovarian sac, appearing to end in the peri-

intestinal sinus (figs. 28, 34). This vessel serves, no doubt,

ns the indirect source of nourishment for the eggs which

develop inside the sac. The walls of the blood-vessels are

formed of contractile cells, probably in a single row.

The Muscular System.

The muscles have already been described by Miss

Pereyaslawzewa and de Beauchamp
(
13

,
2 ). The system is

but little developed, and consists essentially of two dorsal

aud two ventral bands of longitudinal muscles running from

head to tail. The dorsal are weaker and more flattened than

the ventral (fig. 31). A few fibres more median are seen

1 Salensky
(
19

)
denies the existence of the similar vessels described

by me in Saccocirrus (8). There can be no doubt, however, of their

presence.



408 EDWIN S. GOODRICH.

between the large bands above the ventral groove (fig. 36).

From the extreme anterior end of the oesophagus muscles

extend to the base of the median tentacle over the brain;

similar muscle-fibres pass through the brain to the lateral

tentacles. The dorsal longitudinal muscles are attached

to the ventral wall of the pygidium behind. Some muscles

run obliquely through the coelom from near the nerve-cords

to the body-wall, where they are attached chiefly in the

neighbourhood of the parapodia (fig. 30). Special muscles

are fastened to the pharynx, and others run from the body-

wall to the chaeta-sacs, whereby these can be to some extent

drawn in and out (fig. 8). No distinct layer of muscles can

be made out in the wall of the stomach or intestine, nor can

circular muscles be seen in the body-wall.

The Nephridia.

Nephridia were first seen in Nerilla by Claparede, who,

however, misunderstood their structure ( 3 ). He believed

them to have no internal opening, and to open forwards

to the exterior in the centre of the ciliated lateral patch.

Miss Pereyaslawzewa denied the existence of nephridia, mis-

taking them for parasites. De Beauchamp has given a

very brief, but correct, account of their disposition and

structure (2).

There is a marked difference between the sexes in the

number and distribution of the nephridia. While in the

female there are four pairs of nephridia, in the male there

are only three pairs. Those of the male are situated in the

second, fifth and ninth segments (fig. 10), those of the female

in the second, fifth, sixth and eighth segments (fig. 9). The

first and second pairs of nephridia are the same in the two

sexes; but the last pair differs not only in position but also

to a slight extent in structure. De Beauchamp seems to have

missed the nephridia in the ninth segment of the male. All

the nephridia are simple, and built on essentially the same

plan. The nephridiopore is placed on the ventral surface

about halfway between the base of the parapodium and the
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mid-ventral groove (figs. 9, 10, 15). Inwards from the pore

passes the tube coiled in a single twist and forming a swollen

body lying at the base of the parapodium. Springing from

this body a post-septal canal runs straight to the septum in

front, through which it opens into the next segment by the

funnel.

Structural details can best be seen in the second neph-

ridium, which is the longest and best developed of the series

(fig-. 16). The small, but widely open funnel bears on its

outer and lower lip a number of extremely long cilia, which

work down the canal. A few similar long cilia are attached

to the wall of the nephridial canal further down its course.

The wall of the post-septal canal is formed of finely granular

cells at first, but as it nears the coiled region the wall

thickens, and large vacuoles appear in it (figs. 16, 17). These

vacuoles soon reach a great size
;
they are present through-

out the coiled region, disappearing again near the nephri-

diopore. Each is filled with a clear liquid, in the centre of

which is suspended a large, very highly refringent granule,

constantly agitated with the Brownian movement. Both the

granule and the liquid are probably of an excretory nature,

and are, I believe, discharged into the lumen of the neph-

ridium. Very conspicuous in the living worm, these granules

were noticed long ago by Claparede (3). No cell outlines are

visible in the nephridium
;

in sections the vacuoles are seen

to be much more numerous than the rare nuclei (fig. 36).

The lumen is almost certainly intra-cellular.

The first nephridium is rather smaller than the second, but

scarcely differs from it in structure. On the other hand the

third in the female generally appears of looser texture, with

less regularly disposed vacuoles, and a wider lumen some-

times irregularly distended at intervals. It is a little smaller

than the second, but larger then the first. By far the

smallest nephridium is the last, in the ninth segment of the

male and in the eighth segment of the female. The lumen of

this nephridium is less coiled and is often greatly distended

(fig- 15).
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The Genital Organs of the Male.

No correct account has yet been given of the very interest-

ing genital organs of the male Nerilla. It has already been
mentioned that ordinary nephridia do not occur in segments

6
, 7, and 8. In these three segments are developed

three pairs of sperm-ducts, all converging to a common
pore at the posterior limit of the seventh segment (figs.

10, 19). We shall discuss below whether these ducts are

modified nephridia as suggested by de Beauchamp (2). Miss

Pereyaslawzewa saw the median pore, but thought the sperm-

cells were developed in the wall of the gut, and apparently

mistook epidermal glands for parts of the testes (13).

The six sperm -ducts are of similar structure, but of varying

lengths, the first pair being by far the longest. Each consists

of a slender tube of uniform thickness and a coelomic funnel.

The inner wall of the tube is clothed with closely set, fine,

short cilia working towards the external pore (fig. 12).

Pieicing the septum, the duct widens out into a funnel

which opens into the segment in front. The funnel consists

of a few symmetrically disposed cells, bearing numerous fine

cilia on the surface of the septum (figs. 12, 22, 24). The six

spermiducal funnels lie, then, on the septa between segments

-5 and 6, 6 and 7, 7 and 8, opening into the coelom of seg-

ments 5, 6, and 7 (figs. 10, 19).

The six sperm-ducts converge to a common chamber lying

in the middle line at a point where the ciliated groove is

interrupted (figs. 6, 24).

This median chamber, or genital atrium, also ciliated, is

blind in front, but opens behind by a pore, the edges of which

are drawn out on each side to form two small processes. I

believe these to serve for copulation, but have not observed

them in action.

The copulatory processes are formed as epidermal out-

growths, and are not ciliated. Backwards from the genital

pore the ventral ciliated groove resumes its course. Special
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epidermal glands are related to the male genital aperture.

They form a four-cornered area on the ventral surface of

segments 7 and 8 (fig. 6), and are doubtless to be interpreted

as specialisations of the ordinary glands found at the base of

the parapodia in other segments. Composed of a right and

left set of unicellular glands, their long ducts converge to-

wards and open into the genital atrium. The swollen bodies

of these gland-cells are for the most part aggregated in four

masses at the four corners of the glandular area, and situated

at the base of the seventh and eighth pairs of parapodia

(figs. 6, 19). Here they bulge far into the coelomic cavity

(figs. 23, 25). The granular contents of these cells are

peculiar, and differ from those of glands in other parts in

that they acquire a brownish tinge and become highly re-

fractive in balsam.

A pair of testes is situated in segment 5 (fig. 19). Each
testis has a narrow anterior end running forward parallel to,

and on the inner side of, the neck of the nephridium, until it

reaches the base of the septum separating the fifth from the

sixth segment (fig. 21). Here it merges with the coelomic

epithelium. Behiud the testicular cord enlarges, passes up
the side of the gut to join the testis of the other side in a

large median dorsal mass loosely compacted and somewhat
irregular in shape (figs. 19, 22). The youngest cells are, of

course, found at the front end of the testis near the septum.

They multiply and grow backwards, the ripest cells being in

the dorsal mass, chiefly formed of sperm-morulas, which
become detached and float off. Finally, fully developed

spermatozoa abound in segment 5 in mature specimens.

This fifth segment is shut off in front and behiud by com-
plete septa, preventing any spermatozoa from straying into

neighbouring cavities. As the production of spermatozoa
increases the anterior septum bulges forward as a median
sac into the fourth segment, and the posterior septum bulges
backward into segments b and 7 (fig. 19). Ripe spermatozoa
are carried down the first pair of sperm-ducts to the genital

pore. We should expect to find testes in segments 6 and 7,
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corresponding to the second and third pairs of sperm-ducts,

but it is a remarkable fact that I have never found true

spermatozoa belonging to these segments. However, there

are organs which must be considered as homologous with

testes, although not producing true spermatozoa. Occupying

the same position as the testes in segment 5 are found, in

segments 6 and 7, two cords of cells starting from the

coelomic epithelium on the septa between the segments 5

and 6, and 6 and 7 (figs. 19, 26). They enlarge behind into

masses, soon breaking up into spherical cells, which float off

in the coelomic fluid. Segments 6 and 7 always contain a

large number of these rounded cells, very conspicuous in the

living worm owing to their refringent contents, especially in

large and ripe specimens. But the cells in segment 6 differ

from the cells in segment 7, those in the first of these

segments being more spherical and containing numerous

minute refringent granules (fig. 19a), while those in the

seventh are less regular in shape and hold only a few large

oval granules (fig. 19b). We have, then, a very remarkable

state of things in the adult male Nerilla—namely, three con-

secutive segments provided with testis-like organs producing

different kinds of floating cells; in the first true spermatozoa,

in the second cells with small granules, and in the third

cells with large granules (dia grammatically shown in figs. 19

and 20). The cavity of each of these segments is shut off by

complete septa, and from each two ducts lead to the common
pore

;
but whether the granular cells are really carried out to

the exterior I have not yet ascertained for certain. It may
be that they contribute to the formation of the seminal fluid.

It might be thought that the males I have examined were

exhausted, that the sixth and seventh segments produced

spermatozoa first, and that, after these had been expelled,

the granular cells took their place. But there is no evidence

to support this view. The granular cells are found in small

as well as in large individuals.
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The Genital Organs of the Female.

Ifc lias already been mentioned that nephridia occur in

segments 2, 5, 6, and 7 of the female Nerilla, but neither in

segment 9, nor in segment 7. In the living worm two

slender oviducts can be detected occupying the place of the

nephridia in segment 7. They are delicate tubes, lined with

fine closely set cilia, passing backwards from the septum

between segments 6 and 7, to open separately on the ventral

surface near the base of the parapodium, at a point corre-

sponding to the nephridiopores in other segments (fig. 11).

Towards the external pore, which is elongated and oblique,

converge a number of granular unicellular gland-cells (figs.

11, 18, 34). The internal opening of the oviduct is in the

form of a small funnel piercing the septum, and spreading out

on its anterior face (fig. 11). Sections show the funnel as a

small patch of ciliated epithelium with a central opening

leading into the duct (fig. 32). The oviducts seem extra-

ordinarily small as compared with the ripe ova
;
in sections the

diameter is actually less than that of the nucleus of the ovum
and even than that of its nucleolus. But it is possible that

the duct enlarges just before the eggs are laid, as in so many
worms

;
moreover the egg is very soft, and no doubt capable

of squeezing through a small aperture. A similar dispro-

portion is often found in the Oligocheeta.

The ovaries are situated in segment 6 (figs. 18, 30). Each

pear-shaped ovary is attached at its anterior narrow end to

the septum in front not far from the middle line. Sometimes

the two almost fuse below the gut (fig. 36). Towards the

free posterior end of the ovary the cells increase in size, form-

ing a compact chain of growing ova with granular cell-bodies

and large vesicular nuclei (fig. 31). A right and a left

ovarian sac enclose the ovaries (figs. 1, 29-34). A blood-

vessel runs over the outer surface of the ovarian sac, the inner

lining of which is composed of large granular cells forming a

very conspicuous deeply staining epithelium (fig. 14). These

cells appear to build up yolky material for the nourishment
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of the growing ova. When an ovum reaches a certain size

it drops off into the cavity of the ovisac, becomes surrounded

with a thick porous membrane, and filled with a dense mass of

yolk-granules (figs. 29-34). The ova grow to a very large

size, become opaque and white, and subsequently make their

way through the wall of the sac into the coelom of the neigh-

bouring segments (figs. 1, 27, 32). Such ripe ova escape

chiefly behind, but occasionally in front of the ovarian sacs.

When in front they may bulge into segment 5, pushing septum

5, 6, forwards. When behind, they may form a chain of

egg-cells pushing the septa back until they reach the last

segment of the body. As many as eighteen ripe ova may be

found in one female.

The disposition of the ovaries, ovisacs and ripe ova is

always asymmetrical (figs. 1, 18)—a peculiar feature for an

annelid. While the ovisac of the left side grows forwards,

that of the right side grows backwards. The asymmetry of

the ovisacs is accompanied, if not caused by, a twisting for-

wards of the free end of the left ovary, so that the largest ova

are pushed towards the head, while the free end of the right

ovary grows more naturally backwards towards the anus.

Thus the large ova are packed along the long axis of the

body, and the intestine is forced to adopt a sinuous course

between them. It is, I believe, for the sake of economising

space, and more easily packing the ripe ova, which have to

be retained for a considerable period in the coelom, that this

asymmetrical structure has been adopted.

On the inner lower surface of each ovisac is developed a

little pocket, always filled with a darkly staining mass (fig's.

18, 28, 31). The pocket lies a little farther forward on the

right than on the left side. Probably these are the vesicles

described by Miss Pereyaslawzewa as being filled with sper-

matozoa and connected with ducts. They are, however,

quite independent of the oviducts, though situated near them.

That fertilisation in Nerilla is internal seems very probable,

considering that the male is provided with what are doubtless

copulatory appendages (fig. 6), and that internal fertilisation



XERILLA AN ARCH IAXX ELID

.

415

has been shown to occur in Saccocirrus, Dinophilus, and

Histriobdella. But it is one of the points I have not yet been

able to determine for certain. Never have I seen spermatozoa

in a living female
;
but in one series of sections o£ a female

which has shed its large ova, nnmerous spermatozoa are

present in the ovisacs.

An account ot‘ the maturation of the germ-cells and of the

embryology is reserved for a future paper. The eggs are

laid in groups, each being enclosed in a transparent shell.

Development is direct; there being no free-swimming larva

the young are hatched as little worms.

The Morphology op the Genital Ducts.

The absence of nephridia in the genital segments m ighfc

lead one to conclude that nephridia have been directly con-

verted into genital ducts in these segments ; but this is

almost certainly not the case. Much more probable is it that

the ducts are nephromixia, or mere coelomostomes (6, 7). In

Protodrilus, Pierantoni has described large-funnelled organs

in the sexually mature worm, which have all the appearance

of nephromixia
(
14 ). These ducts closely resemble the

nephromixia of the Syllids, formed at maturity by the graft-

ing on to the nephridial funnel of a large funnel derived

from the coelomic epithelium (7). Somewhat similar tubes

are found in Saccocirrus (8), which, at all events in the male,

are probably of the same compound nature. More difficult

to interpret is the case of Polygordius. Here the genital

products escape by breaking through the body-wall, and the

coelomostomes have consequently degenerated. The nepli-

ridium of the larva is closed and provided with solenocytes

(7, 9), and the nephridium of the adult opens by a true neph-
rostome (see my fig. 46, PI. 42, 7). If coelomostomes are

developed at all, it can only be at the time of maturity, and to a

small extent. Funnels, apparently of coelomic origin, have
indeed been described by Fraipont

(5 )
and Hempelmann

(
12 ;.

On the other hand it is very doubtful whether the nephridia
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take any share whatever in the formation of the genital

ducts in Histriobdella and Dinophilus. In these two genera

the nephridia are still closed in the adult. That their special

genital ducts are not merely modified nephridia I have

already maintained when, in 1894, treating of the homology of

nephridia and genital ducts in general (6). I then came to the

conclusion, which still seems to me the best, that the ducts of

Dinophilus (and also of Histriobdella) are formed chiefly by the

coelomostome to which the nephridium may possibly contribute

a small portion. In all these Archiantielida, then, the genital

ducts appear to be formed by the coelomostomes, with which

the nephridia may perhaps have combined to form nephro-

mixia, such as are known to occur in the Polychaeta. The

same interpretation obviously applies to Nerilla. That the

genital ducts in both sexes of Nerilla are of the nature of

coelomostomes can hardly be doubted, but again here, as in the

other cases discussed above, a final conclusion cannot be

reached without the evidence of embryology. The absence of

nephridia in the genital segments, and the position of the

genital pores in the female, may be taken to support the view

that the nephridia have been included in the ducts.

Coming now to the resemblances of the genital organs of

Nerilla and other Archiannelids, we may notice first of all

that in Dinophilus
(
24), Histriobdella

(23 ), and Protodrilus

(
14 ), the ova are very similar in structure and behaviour. In

all these worms the ripe ova undergo the preliminary stages

of maturation in the coelom of the female parent, where they

usually have been precociously fertilised. The sperm-ducts of

Dinophilus resemble those of the Histriobdellids
(
10

,
11

) ;

in both cases there is a median opening provided with a penis.

In Saccocirrus the openings and the copulatory organs are

paired and numerous (8). Nerilla resembles the former

genera in the possession of a median opening, and in the

structure of the ducts, but the penis is represented only by

paired processes. In the possession of three pairs of sperm-

ducts the male Nerilla may be considered as more primitive

than the female, and as more primitive than Dinophilus
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and Histriobdella. For in Archiannelids, as in Oligochsetes,

specialisation seems to have led to a restriction of the gonads

to fewer and fewer segments. In Polygordius and Proto-

drilus a large number of segments are fertile, in Saccocirrus

only the middle region produces gonads, in the male Nerilla

three segments, and in the female one; finally, in Dinophilus

and Histriobdella a single pair of gonads is present in both

sexes. Accompanying this reduction is a corresponding dimi-

nution of the number of ducts.

The Body-Cavity in the Archiannelids.

Nerilla throws a new light on the structure of the aberrant

Dinophilids and Histriobdellids. It has often been held

(Harmer [10], Schimkewitsch [20], Shearer [22]) that the

general body-cavity of Dinophilus is not of coeloinic, but of

blastocoelic or of haemocoelic origin
;
that the coelom is repre-

sented by the cavity of the ovarian and testicular sacs alone.

Several years ago (6) I adopted this view myself, and Shearer

has recently applied it to Histriobdella (23), but it now seems

to me much more probable that these two genera are as

specialised in the development of the coelom as they are in

many other characters. Already Foettinger has described a

coelomic cavity, and a ccelomic epithelium, extending through-

out the anterior segments of Histriobdella (4), and Salensky

(19) has drawn attention to the secondary invasion of the

coelom by a network of “ coelenchym ” in Saccocirrus and

Protodrilus. To put the matter shortly, the course of

specialisation seems to have been as follows: In Dinophilus

and Histriobdella the gonads have become restricted to one

segment, the cavity of which is shut off by complete septa, and

so forms a sac (“ovary,” or “testis”). The septa in other

regions have broken down, and the coelom lias become in-

vaded by a secondary ingrowth of mesoblastic tissue. Already

in Nerilla, as shown above, the anterior septa have almost

completely disappeared, and a delicate network of mesen-

chymatous fibres extends in all directions through the coelom.
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It would be only necessary to carry this process a little

further to bring about the state of things found in Dino-

pliilus. That this interpretation is correct would seem to be

proved by the discovery of a rudimentary separate blood-

space in Histriobdella (Shearer [23]), and of a comparatively

well-developed vascular system in Dinophilus by de Beauchamp

(1). Moreover, it is quite in accord with what we know of

the nervous system, with its distinctly segmented structure

and metameric ganglia, and also of the development of the

mesoblast, segmented in early stages (Schimkewitsch [20]),

We may conclude, then, that all the Archiannelids originally

had a normal segmented coelom.

The Affinities of Nerilla.

At first sight Nerilla looks like a very small Syllid. For a

considerable time I was deceived by this resemblance, and it

was placed among the Syllids by its early describers. If

Nerilla were a worm of larger size its extraordinary likeness

to a Syllid would very possibly be taken for an instance of

mimicry, but no such significance seems attributable to the

resemblance in this case. The deception is due not only to

general outward shape, but also to internal structure. The

eyes, the palps, the parapodial and pygidial cirri, and more

especially the three prostomial tentacles, all recall the Syllid.

Yet these cirri and tentacles differ from the corresponding

processes in Syllids in being hollow, and the parapodial cirri

differ also fundamentally from those of Polychaetes in being

placed between the bundles of chaetae, and not above or

below them. The nephridia are not unlike, and the oeso-

phageal glands strangely simulate the paired diverticula so

often found in the Syllidea.

Yet there can be little doubt that the resemblance is not

due to affinity, and that Nerilla belongs, not to the true

Polychaeta, but to the Archianuelida. Nerilla is interesting

because it is the most Polychaete-like of all the Archiannelids,

and because it occupies a ceutral position among the widely
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differing genera of that group. The affinities of Nerilla are

not with one genus in particular, but with several. It thus

binds the Archiannelida together, while at the same time to

some extent bridging* over the gap between them and the

Polychaeta.

Comparison of Nerilla with other Archiannelids.

In common with Dinophilus and Protodrilus, it possesses a

ventral ciliated tract, which forms a distinct longitudinal

groove as in Protodrilus. These three genera also are pro-

vided with very similar ciliated rings. Simple parapodia are

found in Saccocirrus similar to those of Nerilla in structure,

but differing in the presence of only one bundle of cliaetae

instead of two
;

a point in which the latter approaches the

. true Polvchaetes. Possibly the tentacles of Polygordius,

Protodrilus and Saccocirrus are homologous with the lateral

tentacles of Nerilla, in spite of structural differences; but it

is undoubtedly the Histriobdellids which come nearest to it

in the possession of shorter but similar processes on the head

and trunk segments. The nervous system, closely connected

with the epidermis, bears a marked resemblance to that of

Protodrilus. The alimentary canal of Nerilla is very like

that of Dinophilus
;
as in all Archiannelids, with the single

exception of Polygordius, 1 there is a muscular veutral

pharynx. The pharynx is unarmed, as in Dinophilus and

Saccocirrus. The nephridia are more like those of. Poly-

gordius, Protodrilus, or Saccocirrus in general structure; in

distribution and specialisation in the two sexes they resemble

those of Dinophilus and Histriobdella. Certain specialisations

in the glands and ducts of the genital organs and the. presence

of a median male pore seem also to point to affinity with these

two genera.

In a work on Saccocirrus published some years ago (8), I

pointed out that the absence of chaetm in some Archiannelids

cannot be considered as a primitive character, since Sacco-

1 See footnote on p. 404.
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cirrus must be classified with Protodrilus, and Saccocirrus has

parapodia with chaetse on most of the segments of the trunk.

This conclusion has been remarkably confirmed by the happy

discovery made by Moore (17), of a genus allied to Polygordius,

Chsetogordius, bearing chaetae on some segments. Salensky

and Pierantoui (19, 14) also agree that Protodrilus is closely

allied to Saccocirrus. Taken as a whole the Archiannelida

form a degenerating series which can only be read one wav.

But very possibly the group includes three such series start-

ing from a common Chastopod ancestor, Chaetogordius and

Polygordius forming one, Saccocirrus and Protodrilus

another, and Nerilla, Dinophilus, and Histriobdella a third.

Summary.

Nerilla is an Archiannelid, with a prostornium, a pygidium,

and nine trunk segments bearing parapodia. There are three

cirri on the prostornium, two on the pygidium, and one on

each parapodium except the last. The cirri are slender,

hollow, jointed processes, with sensory hairs. A ventral

ciliated groove extends from mouth to anus
;
ciliated rings

occur on the prostornium and on the trunk segments, and

there is a ciliated patch on each side of each segment. The

first parapodium bears one bundle, and the other parapodia

two bundles of simple chaetae. The cirrus is placed between

the bundles. The central nervous system, throughout closely

connected with the epidermis, consists of a brain and two

ventral nerve-cords without ganglionic swellings. The

prostornium carries four eyes and two nuchal organs. The

alimentary canal consists of an oesophagus, stomach, intestine

and short rectum, all ciliated, and a ventral muscular

pharynx. Unicellular glands open into the buccal cavity, and

gland-cells are greatly developed on either side of the stomach.

The coelom is well developed; but some of the septa are very

incomplete. Coelomic corpuscles are very rare; a delicate

network of coelenchyme extends throughout the body-cavity.

A simple vascular system is present. The nephridia have
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open funnels, a slightly coiled lumen, and vacuoles con-

taining one refringent concretion. Nephridia are present in

segments 2, 5 and 9 of the male, and in segments 2, 5, 6

and 8 of the female. The male has three genital segments,

5, 6, and 7. In the first only do the testes produce sperma-

tozoa ; in the second and third the testes appear to he

degenerate and to produce granular cells, with small granules

in segment 6, and large granules in segment 7. Three pairs of

similar ducts correspond to these three segments. The six

sperm-ducts open into a common median ventral genital atrium,

which leads to a median pore with a small copul atory process on

each side. Special epidermal gland-cells open into the genital

atrium. Two ovaries are present in the sixth segment of the

female. Each ovary becomes enclosed in an ovisac, lined by

nutritive epithelium
;
the ovisacs are asymmetrically deve-

loped. Full-grown ova escape from the sacs into the coelom

of the sixth segment, and are retained for a long time in the

parent, passing forwards or more often backwards along each

side of the gut. Here they undergo the preliminary stages

of maturation. It is possible, but not yet certain, that fertili-

sation is internal. A pocket, containing deeply staining cells,

is found on the inner side of each ovisac. Two oviducts are

present, leading from the sixth segment to paired genital

pores on the seventh segment. Epidermal glands converge

towards the pores. The eggs are laid in transparent capsules,

development is direct, and the young emerge as small worms
wit.ii only one median tentacle and about five segments.

Nerilla combines primitive with specialised characters.

The parapodia, cliaetae, coelom, and number of the gonads and

their ducts have become progressively reduced in the Arclii-

annelids. They are probably modified forms descended from

Chaetopod ancestors. The genital ducts appear to lie either

coelomostomes, or ccelomostomes combined with nephridia

(nephronixia). Nerilla preserves many Chmtopod characters,

but has affinities with several genera, more especially

perhaps with Histriobdella and Dinophilus.
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EXPLANATION OF PLATES 38-41,

Illustrating Mr. Edwin S. Goodrich's paper on “Nerilla

an Archiannelid.”

Reference Letters.

a. Anus. ac. Anal cirrus, ae. Anterior eye. blv. Blood-vessel.

bn. Branching network of ccelenchyme. hr. Brain, bw. Body-wall.

c.
1- 9

. Coelom of segments 1-9. cep. Coelomic epithelium, cgl. Clear

gland-cells, cli. Chaetae. chs. Chaeta-sacs. ci. Cilia, con. Concretion.

cop. Copulatory process, cr. Cirrus, cri. Ciliated ridge, erg. Ciliated

ring. cvg. Ciliated ventral groove, delis. Dorsal chaeta-sac. dim.

Dorsal longitudinal muscles, dv. Dorsal blood-vessel, ep. Epidermis.

gat. Genitalatrium, gl. Gland-cells, go. Genital opening, gr. Groove.

grc. Granular cells. Ic. Cells with large granules, lo. Lateral nuchal

organ. It. Lateral tentacle, m. Mouth, mt. Median tentacle, nv.

Nerve cord, nepli. Nephridium. nf. Nephrostome. np. Nephridiopore.

obhn. Oblique muscles. oes. (Esophagus. oegl, (Esophageal glands.

om. Oblique muscles, ov. Ovum. ovd. Oviduct, ovdf. Oviducal funnel.

ovdgl. Oviducal gland, ovs. Ovisac, ovy. Ovary, p. Pocket of ovisac.

pe. Posterior edge. pli. Pharynx, pip. Palp. pp.
]-9

. Parapodia of

segments 1-9. r. Rectum, rt. Modified testis, s! Segment with
spermatozoa (first genital). s\ Segment with granular-cells (second

genital), s3 . Segment with cells loaded with large granules (third

genital), scp. Segmental ciliated patch, sp. Developing spermatozoa,
spd. 1-*. Three pairs of sperm-ducts, spf. Spenniducal funnel, spt.

Septum. S8. Septal sac. st. Stomach, td. Dorsal-lobe of testis, vbw.
Ventral body-wall, vclis. Ventral chaeta-sac. vim. Ventral longitudinal
muscles, vnc. Vacuole in nepliridial cell. vv. Ventral blood-vessel.
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Nerilla antennata, O. Schmidt.

PLATE 38.

Pig. 1.—Dorsal view of a female
;
enlarged.

Pig. 2.—Dorsal view of the head
;
enlarged.

Fig. 3.—Ventral view of the same.

Fig. 4.—Semi-diagrammatic view from behind of aparapodium, showing
chsetse and cirrus.

Fig. 5.—Dorsal view of the posterior end of the body, $ ;
enlarged.

Fig. 6.—Ventral view of a <$ ,
showing the genital pore and atrium

enlarged.

Fig. 7.—Ventral view of the pygidium, $ ;
enlarged.

Fig. 8.—Ventral view of the side of the third and fourth segments,

showing the network of coelenchym ” in the coelom
;
enlarged.

PLATE 39.

Fig. 9.—Ventral view of a $ , to show the disposition of the nepliridia

and genital ducts
;
enlarged.

Fig. 10.—Similar view of a <$

.

Fig. 11.—Enlarged view of a left oviduct; from the living.

Fig. 12.—Enlarged view of the funnel of a left sperm-duct
;
from the

living.

Fig. 13.—Portion of a transverse section of the wall of the stomach
;

enlarged.

Fig. 14.— Surface view of the wall of the ovisac; enlarged
;
from the

living.

Fig. 15.—Ventral view of the last nephridium of a ^ ;
enlarged; from

the living.

Fig. 16.—Enlarged view of the second nephridium
;
from the living.

For the most part in optical section.

Fig. 17.—Surface view of a portion of the same.

PLATE 40.

Fig. 18.—Diagram of a dorsal view of the posterior segments of a $ ,

showing the glands, nepliridia, and genital organs.

Fig. 19.—Similar view of a <$

.

Fig. 19 A.—Enlarged view of the granular cells from the sixth segment

of (J.
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Fig. 19 b.—Enlarged view of the granular cells of the seventh segment

of a <£

.

Fig. 20.—Diagram of a longitudinal section of a .

Fig. 21.—Transverse section of a ^ through the fifth segment. Z.

3 mm. oil imm., oc. 3. cam.

Fig. 22.—Transverse section of the same through the fifth segment

;

cutting the funnel of the sperm-duct.

Fig. 23.—Transverse section of the same through the seventh segment.

Fig. 24.—Transverse section of the same through the genital atrium.

Fig. 25.—Transverse section of the same through eighth segment.

Fig. 26.—Transverse section of the same through the degenerate

testis of the seventh segment.

PLATE 41.

Fig. 27.—Transverse section of a $ through the fifth segment. Z.

3 mm. apoch., oc. 4 cam.

Fig. 28.—Transverse section of the same through the sixth segment.

Fig. 29.—Transverse section of the same through the sixth segment,

further hack.

Fig. 30.—Transverse section of the' same through the sixth segment,
further hack.

Fig. 31.—Transverse section of the same through the sixth parapodium.

Fig. 32.—Transverse section of the same through the funnels of the
oviducts.

Fig. 33.—Transverse section of the same through the oviducts in the
seventh segment.

Fig. 34. — Transverse section of the same through the seventh segment,
further hack.

Fig. 35.—Longitudinal section through the head region, nearly
median. Z. D., oc. 4, cam.

Fig. 36.—Ventral portion of transverse section passing through the
front end of the ovaries. Cam., Z. 3 mm., oc. 8.

Fig. 37. Transverse section passing through the muscular pharynx.
Cam., Z. D., oc. 4.
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On a Freshwater Medusa from Rhodesia.

By

Charles L.. Boulenger, M.A.,

Lecturer on Zoology in the University of Birmingham.

With Plate 42 and 2 Text-figures.

The material on which this note is based consists of a

number of slides which I received from Mr. C. F. Rousselet,

to whom my best thanks are due for his generosity in

entrusting me with the description of these valuable

specimens.

Mr. Rousselet had obtained the material from his friend,

Mr. R. H. Thomas, who discovered the first specimen of the

medusa in a tributary of the Hunyani River 1 in Southern

Rhodesia in September, 1908. This specimen was sent to

England, but, owing to its poor state of preservation and to

the fact that an air-bubble was left in the tube in which it was

sent, it arrived in a much damaged and macerated condition.

Mr. Rousselet wrote immediately to ask for better pre-

served material, and a few more specimens were obtained

and sent in December of the same year
;
these were, unfor-

tunately, also somewhat damaged in transit. Mr. Thomas
endeavoured to collect more medusas but found that they

had completely disappeared
;
he has since left the district

and the chance of receiving further specimens is somewhat

remote.

The tubes containing the medusae were accompanied by

some pencil sketches of the living animal, and, whilst con-

1 The River Hunyani (or Hanyani), is one of the largest of the

southern tributaries of the Middle Zambesi.
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gratulatiug Mr. Thomas on his most interesting discovery, I

should like to take this opportunity of expressing to him my
appreciation of the great trouble which he has taken in his en-

deavours to send well-preserved material back to this country.

Altogether four medusas reached me in sufficiently good

condition for investigation; of these two were almost com-

plete, the other two fragmentary, each being represented by

a sectant of the umbrella to which a portion of the manubrium
was attached.

All the specimens were mounted in formalin in cells ringed

with gold size.

A mere glance at these medusae is sufficient to show that

they belong to the very remarkable genus Litnnocnida, of

which the only known species, L. tanganicae, 1 was dis-

covered by Bohm (1) in Lake Tanganyika in 1883, and for a

complete description of which we are indebted to R. T.

Gunther (2, 3). The medusa was at first thought to be

peculiar to this lake, and the halolimnic theory of the origin

of Lake Tanganyika was based, at least in part, on its

presence there.

Since that time Limnocnida tanganicae has been found

in the Victoria Nvanza (6, 10)
2 and in the River Niger (8, 9),

and Mr. Thomas’s discovery ot a similar jelly-fish in a tribu-

1 In this, as in a previous paper (12) on the Tanganyika jelly-fish, I

have adopted Giintlier’s amended version of the spelling of the specific

name of this medusa. When describing Dr. Cunnington’s collection in

1907 (10), he remarked—“ This would seem an appropriate occasion for

advocating a more reasonable uniformity in the spelling of this specific

name
;
and although in my original paper I had followed Bohm’s spelling,

tangany icae, in accordance with the laws of priority, in the present

communication the more usual and shorter form tanganicae is

adopted. I have noted tanganyicae, tanganicanus, tanganicensis,

tanganyikae, tangany icensis, tanganikae, and in Sollas’s ‘ Age of

the Earth,’ p. 209, tangany icoea !
” E. T. Browne (9) has also adopted

the revised spelling, but I notice that A. G. Mayer, in his monograph on

the medusae (11), uses the form tanganjicae.
2 Gunther was able to detect distinct features in the Victoria Nyanza

specimens, which he regarded as sub-specific in importance
;

he pro-

posed for these the name L. tanganicae var. victoriae.
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tary of the Zambesi shows that this remarkable genus must

be a pretty constant constituent of the freshwater fauna of

tropical Africa, occurring as it does in the four principal

river systems of that continent.

Limnocnida may even have a wide distribution outside

Africa, for Dr. Annandale, in a recent letter to ‘ Nature’
(
13 ),

announces the discovery of a similar medusa in India. A
number of jelly-fish were obtained by Mr. S. P. Agharkar

from small streams in the Western Ghat, these streams

belonging to a river system which flows across the Indian

Peninsula and reaches the sea more than 500 miles away on

the shores of the Bay of Bengal. Dr. Annandale writes :

“In the structure of the manubrium and digestive system,

the position of the gonads, the structure of the tentacles and

the form of the umbrella these medusm agree precisely with

Limnocnida tanganyicae. As regards generic identity

there can, indeed, be no doubt, and there is nothing in the

specimens before me to suggest even a specific difference.

They are not, however, in a particularly good state of preser-

vation, having suffered somewhat in the post, and the ques-

tion of specific identity may be left unanswered until after

an examination of fresh specimens which I anticipate no

difficulty in obtaining at a suitable season.”

The medusae from Rhodesia present a few peculiarities by

means of which they can be easily distinguished from

L. tanganicae, and it is my intention to describe them as

belonging to a distinct species under the name of Limnoc-
nida rhodesiae sp. n.

The specimens which I have examined differed from one

another both in size and in the degree of contraction of the

bell. I, therefore, find it convenient to describe the four

individuals separately.

The most complete of the four medusae before me was
obtained by Mr. Thomas in December, 1908 ;

its general

appearance is very similar to that of the Tanganyika species,

the bell having the characteristic flattened shape which one

associates with the genus.

VOL. 57, PART 4. NEW SEKIES. 32
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The umbrella has a diameter of 6 mm. The manubrium, as

in L. tanganicae, consists merely of a thin circular band

measuring 2*75 mm. across its base, and the mouth is a wide

circular aperture, the diameter of which is ouly slightly less

than that of the whole manubrium.

Four radial canals run from the base of this organ to the

umbrella edge, the latter being provided with a broad, some-

what muscular velum a little over 1 mm. in breadth.

There are between eighty and ninety tentacles, which are

arranged, according to size, in distinct series, the perradial,

interradial and adradial ones being the largest. The umbrella

edge of this specimen is much macerated, and it is impossible

to make out the exact mode of origin of the tentacles or the

arrangement of the marginal sense-organs.

The second medusa, obtained in September of the same

year, is of small size, measuring approximately 2*5 mm. in

diameter; although badly broken it is in a much more satis-

factory state of preservation and presents several features of

great interest.

The very different degree of contraction of both umbrella

and manubrium renders the animal very unlike the individual

just described. The umbrella margin is much contracted and

this makes the medusa appear comparatively much higher,

in fact almost hemispherical in shape. The manubrium also

appears very different and has the shape of a truncated cone,

the base of which measures about 1 mm. in diameter.

The conical form of the manubrium is due to the contrac-

tion of its oral extremity, and when this organ is viewed from

below the mouth is seen to be almost completely closed,

appearing as a small opening surrounded by the folded oral

edge of the manubrium (PI. 42, fig. 1).

In possessing an almost closed mouth this individual is of

considerable interest, in all the described specimens of

Lim nocnida tanganicae the mouth remained wide open,

and previous writers have laid great stress on this character;

thus Gunther refers to “the wonderfully large mouth which

the short manubrium seems inadequate to close,” and
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E. T. Browne, in his description of the Niger specimens (9),

remarks that to judge from the appearance of the medusa©
“ the mouth is incapable, owing to the shortness of the lower

wall of the stomach, of completely closing up.”

I do not consider the point just dealt with to be one of

systematic importance. The first medusa I described had a

widely open mouth similar to that of L. tanganicae, and I

think it highly probable that a more exhaustive study of living

examples of the latter species will reveal the fact that the

manubrium is capable of great changes in shape. It must

also be remembered that the specimen I have been describing

is a young one, and the figures given by Gunther of similar-

sized individuals of L. tanganicae suggest that at this stage

the manubrium has greater powers of contractility than in

the adult. 1

Although much torn, the umbrella edge of this individual is

not at all macerated, and the structure of the marginal region

forms the main distinguishing feature of the Rhodesian

species. In this form the “ nettle-ring,” instead of forming a

broad continuous band round the margin of the umbrella as in

L. tanganicae, is considerably narrower and, moreover, dis-

continuous, the masses of stinging-cells being grouped round

the bases of the tentacles and giving rise to distinct bulbous

swellings similar to the tentacle bulbs which have been

described in manv Trachymedusae, e.g. Gonionemus murbachi

(PI. 42, fig. 2).

'

The tentacle-bulbs are equally well developed in the third

of the four medusae entrusted to me by Mr. Rousselet. This

individual is very incomplete, and is represented by a sectant

of the bell and part of the manubrium
;

as in the medusa

just described the umbrella-margin is well preserved, and both

show very clearly another structural difference between

L. rliodesiae and L. tanganicae.

In the Tanganyika species there is no obvious relation

between the arrangement of the marginal sense-organs and
that of the tentacles, whereas in the Rhodesian medusae such

1 C f . Gunther (10), p. 646, text-fig. 172.
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a relation between the arrangements of the two sets of organs

certainly exists.

Each of the smaller tentacle-bulbs bears a single sense-

organ, basally situated near the origin of the velum
;
on the

larger bulbs a second sense-organ is usually developed,

although occasionally it is missing, just as in a few cases a

sense-organ may fail to develop on one of the smaller tentacle-

bulbs (PL 42, fig. 2).

Text-fig. 1.

nc
I

I

Part of the umbrella margin of Olindias phospliorica
(mii lie ri), to show a pair of sense-organs developed at the base
of one of the primary tentacles, n.r. Nettle-ring. t. Tentacle.
s.o. Sense-organ, r.c. Radial canal, m.t. Club-shaped marginal
tentacle. ( x 45.)

This arrangement of the marginal sense-vesicles recalls

that which occurs in many species of Olindias, where a pair

of these structures is to be found at the base of each of the

primary tentacles (Text-fig. 1).

The structure of the sense-organs seems identical in every

respect with that of the similar organs met with in L. tan-
ganicae, although they appear to be somewhat larger than in

that species. In this individual there are about thirty tentacles
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and thirty-eight sense-organs to the quadrant; the umbrella

of the complete medusa must have measured at least 12 mm.
in diameter.

A portion of the manubrium is also present, and this shows

the animal to be sexually mature, an ovary being developed as

abroad ring round the base of the organ (PI. 42, fig. 5). The

ova seem ripe, and under high magnification appear polygonal

Text-fig. 2.

Part of the umbrella margin of Limnocnida rliodesise as seen
from the exumbrellar surface. This figure shows the attach-
ment of the tentacle -bases to the exumbrellar surface of the
bell. r.c. Radial canal, t. Tentacle, p.t. Per-radial tentacle.
ex. Exumbrellar surface of the bell, (x 45.)

in shape
; the}r are provided with large clear nuclei, each with a

distinct nucleolus (PL 42, fig. 6).

The last of the four slides before me bears a fragment of a
medusa, which must have had very nearly the same dimen-
sions as the specimen just described. The umbrella margin
is too macerated to allow me to make out anything of the
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structure of the nettle-ring, or of the arrangement of the

sense-organs.

A small piece of the manubrium is attached to the umbrella,

and shows that this individual is also a female
;
the ovary,

however, seems but poorly developed. 1

In all four medusae the tentacles are in a good state of

preservation, and in their structure very closely resemble

those of Limnocnida tanganicae. As in that species the

larger tentacles are attached to the exumbrella surface of the

bell for a considerable distance (Text-fig. 2) ;
they are, however,

not deeply imbedded in the jelly as in the Victoria Nyanza

specimens described by Gunther
(
10 ), nor could I find distinct

projecting supports, such as Browne figures in the medusae

collected by Budgett in the R. Niger (S).

The nematocysts are of the same size and shape as those of

L. tanganicae, and are grouped in distinct batteries, which on

the extended tentacles are irregularly distributed and situated

at the extremities of conspicuous papillae (PL 42, fig. 3),

recalling those which occur on the tentacles of another well-

known freshwater medusa, Limnocodium sowerbii. 2 As
in the Tanganyika species, the nematocyst batteries are absent

from the proximal parts of the tentacles, in which position

however, numerous isolated stinging-cells are to be seen

making their way to the more distal parts. In the largest

tentacles quite a third of the organ is free from nematocyst

batteries, and even the smallest have these structures absent

from at least a small basal portion.

The above account of the medusae collected by Mr. Thomas
makes it evident that the two species of Limnocnidaare
closely allied to one another, and agree in many essential

features. L. rhodesiae can, however, be readily distinguished

from L. tanganicae by the structure of its umbrella-margin

1 The two gonad-bearing medusse were obtained by Mr. Thomas in

December, 1908.

2 C f . E. T. Browne, “ On the Freshwater Medusa liberated by

Microhydra ryderi, Potts, and a Comparison with Limnocodium,
‘ Quart. Joum. Micr. Sci.,’ vol. 50, 1906, pi. 37, fig. 3.
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with distinct tentacle-bulbs and regularly arranged sense-

organs.

When I first examined the Rhodesian medusse these char-

acters appeared very striking, and seemed of considerable

importance; the differences, however, seemed much less

conspicuous when the umbrella-margins of the two species were

examined side by side. I, therefore, made a careful study of

the marginal region of L. tanganicae, and have figured a

small portion of the nettle-ring and neighbouring organs

of this species for comparison with the similar figure of

L. rhodesiae (vide PL 42, figs. 4 and 2).

The nettle-ring of L. tanganicae has been described as

forming a broad, continuous band along the margin of the

umbrella; this is certainly quite correct, but it is to be noted

that this band, although continuous, is not of equal thickness

throughout. The axes of the larger tentacles can be seen

through the nettle-ring (PL 42, fig. 4), and on the sides of these

the latter structure is considerably thickened, so that, although

distinct tentacle-bulbs are not formed, they are at least

indicated, a point which seems to have escaped the notice of

previous students of this medusa. Moreover, these have

stated their inability to make out any relation between the

arrangements of the sense-organs and tentacles in L. taug-

anicae. A careful examination of the umbrella margin of

this species has convinced me that such an arrangement does

exist although it is somewhat obscure.

In an adult medusa the marginal sense-organs are so

numerous as to form an almost closed riug round the circum-

ference of the umbrella; occasional gaps are, however, left.

Now each of these gaps is invariably situated opposite the

base of one of the larger tentacles, and when the sense-organs

on either side of it are examined it becomes obvious that they

form a pair belonging to the tentacle in question (PL 42, fig.

4 a, a and b, b).

The crowded sense-organs between such pairs roughly

correspond witli the smaller tentacles
;
the latter are, however,

somewhat more numerous because sense-organs are not
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developed at the bases of the youngest ones (the so-called

marginal tentacles).

We see then that L. tanganicse shows traces, not only of

the tentacle-bulbs of the Rhodesian species, but also of a

similar arrangement of the marginal sense-organs
;

I think it

highly probable that it has been derived from some medusa

bearing distinct basal bulbs which carry the sense-organs.

It seems the custom for writers on Limnocnida to make
some remarks on the systematic position of this peculiar type

of jelly-fish. Unfortunately the structure of the new species

does not shed much light on the difficult problem of the

affinities of this genus
;
the similarity in the arrangements of

the marginal sense-organs of L . rhodesiae and certain

species of Olindias is perhaps significant, since there seems

a tendency amongst recent writers on the subject to ignore

the manubrial position of the gonads of Limnocnida and to

place the genus together with Limnocodium close to the

Olindiadae among the Trachymedusae.

Birmingham,
December 11th, 1911.
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EXPLANATION OF PLATE 42,

Illustrating Mr. C. L. BoulengePs memoir “ On a Freshwater

Medusa from Rhodesia.”

List op Reference Letters.

ex. Exumbrellar surface of the umbrella, m. Mouth, man. Manu-
brium. n. Nucleus of an ovum, new. Nematocyst. nern.b. Nemato-
cyst battery on a tentacle, n.r. Nettle-ring. o. Ovum. ov. Ovary at

the base of the manubrium, pap. Papilla of ectoderm bearing the
nematocyst battery, r.c. Radial canal, s.o. Marginal sense-organ.

tent. Tentacle, tent. b. Bulbous swelling at the base of a tentacle.

vel. Velum.

Fig. 1.—The manubrium of a young individual of Limnocnida
rliodesise, to show the contracted oral extremity and the four radial

canals given off proximally.
( x 45.)

Fig. 2.—A small portion of the umbrella-margin of L. rliodesise,
showing the distinct tentacle-bulbs, which bear the sense-organs at their

bases near the origin of the velum. ( x 45.)
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Fig. 3.—A part of the distal extremity of an extended tentacle of

L. rh o d e si se. This shows the nematocyst batteries situated at the ends

of distinct, elevated x>apill8e of the ectoderm. ( X 260.)

Fig. 4.—A portion of the umbrella-edge of Limnocnida tanganicse
for comparison with fig. 2. The sense-organs marked a, a and b, b are

pairs developed at the bases of the two tentacles bearing the same
lettering. ( X 45.)

Fig. 5.—A piece of the manubrium of a mature specimen of

Limnocnida rhodesise. The ovary is developed as a ring round the

base of the organ. ( X 45.)

Fig. 6.—Ova of L. rhodesise as seen under a higher magnification,

(x 260 .)
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Studies in the Experimental Analysis of Sex.

Part 8.—On the Effects of the Removal and Transplantation of

the Gonad in the Frog (Ran a fuse a).

By

Geoffrey Smith. M.A.,
Fellow of New College, Oxford

;
and

Ed r̂ar Schuster, M.A., D.Sc.,

Fellow of New College, Oxford. 1

With Plates 43-46.

The experiments described in this paper were performed

in the Department of Pathology, and we are indebted to

Professor Dreyerfor invaluable advice as to the best methods

of carrying* them out. The large material derived from the

experiments and from normal animals was examined and

worked up in the Department of Comparative Anatomy.

Nussbaum, who made a series of parallel experiments some

years ago, did not anaesthetise his animals, and recommends
a special method for preventing the animal, when it is operated

on, from blowing its lungs out into the abdominal incision.

In all our experiments the frog was anaesthetised with ether,

and it was then found unnecessary to take any further

precautions. An opening was made into the abdominal cavity

by a longitudinal incision on one side of the anterior

abdominal vein, the testis or ovary of both sides was removed,

and in certain cases a testis from the same animal, or from
1 The experiments for this paper were performed by G. S. The chief

part of the examination of the sections and all the drawings are the

work of E. S.
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another, was transplanted into the peritoneal cavity. The

wound was then sutured together in two layers with cotton,

and the animal was kept in a zinc box lined with damp moss,

which was frequently renewed. A supply of small worms
was given to the frogs, and these were eagerly devoured in

the summer and early autumn, but during late autumn and

winter the frogs refused to feed owing, no doubt, to the fact

that normally during these months the frogs are hibernating

and do not feed in a state of nature.

A great difference was observed in the mortality of the

animals according as they were operated on in the summer
or autumnal months, the mortality in spring and summer being

very high, but in late autumn or winter very low. In one

set of fifteen frogs operated upon in November, the mortality

was 0 per cent.

The object of the experiments was to determine the effect

of ovariotomy and castration upon the development of the

thumb, which normally exhibits a characteristic pad in

the male; to discover whether the effects of castration

in the case of the male could be counterbalanced by the

transplantation of testes from other frogs, or by the injection

of testis-extract, and also to observe the fate of the trans-

planted organs according as they were left in the body of the

animal to which they properly belonged (auto-transplantation),

or transferred to the body of another individual, male or

female (alio-transplantation).

Before describing the experiments it is desirable to give

an account of the cyclical changes which take place in the

testes and the thumb-pads of normal adult male frogs

(R. fusca) at different times of year. Our own observations

agree on the whole with those of Nussbaum
(
1

)
and Ploetz

(
2 ),

but we must add certain facts with regard to the thumb which

are of essential importance for the interpretation of experi-

mental results. The testes exhibit their smallest size in March

or April after the shedding of the spermatozoa at the breeding-

season. From this period onwards until August they steadily

increase in size, attaining their full dimensions by the
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beginning of September. From September until the breeding

season in March no increase in size or alteration of the

cellular structure occurs, the testes apparently remaining in

a state of complete inactivity during this period. About

March the shedding of the sperm normally occurs, and the

cycle begins again. These alterations in size are accompanied

by corresponding changes in the cellular activity of the

organs. After the shedding of the spermatozoa at the breed-

ing season the diminished testes consist of the germinal

tubes lined with spermatogonia, and containing in their

cavities remaius of spermatozoa, that have not been shed and

the debris of the supporting cells to which the spermatozoa

were attached in bundles. The spermatogonia soon begin

to divide and proliferate, and to form groups of cells known
as spermatocysts. The rapid increase of these spermatocysts,

or nests of spermatogonia, continues through the summer
months, and is responsible for the active growth of the testes.

In June and July spermogenesis, or the formation of spermato-

cytes from the proliferating spermatogonia, is active, and

from August to October the formation of ripe spermatozoa

from spermatids is definitely finished. In November,

December, January, and February the testes are crammed
with ripe spermatozoa, and no apparent changes occur in the

cellular structure or activities of the testes. We may, there-

fore, say that the activity of the testes coincides with the

months of active feeding, namely, May to September, and
that during the months when the frogs are hibernating at

the bottom of a pond the testes remain in a fully mature and
quite inactive state (see Table on p. 468).

The thumb-pads of the male frog also undergo a cyclical

change, but their periods of growth and rest do not obviously

correspond at all to those of the testes. Immediately after

the breeding season the thumb-pads, with their deeply

pigmented papillae, are cast off, and the thumb remains

comparatively smooth from late April or May until August or

September. The comparative smallness of the pad at this

period is due to the reduction of the glands and to the
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smooth, even surface from which the epidermal papillae have

almost entirely disappeared (fig. 32). Thus duriug the

months when the most active growth of the testes is taking

place the thumb-pads remain apparently inactive and smooth.

In August and September the epidermal papillae begin to be

obvious, and from this time onwards until about February a

continuous increase of the epidermal papillae and pigmentation

occurs. During the greater part of the time when the thumb-

pads are attaining their characteristic rough and pigmented

appearance the testes remain inactive and unchanged—a fact

which has been too readily overlooked by writers on the

correlation of the primary and secondary sexual characters.

Although the above statement with regard to the thumb is

roughly correct, a careful examination of the thumbs under a

dissecting microscope of a series of male frogs throughout the

year reveals much individual variability, and brings out one

fact which is of prime importance in the interpretation of

certain experimental results (see Table, p. 468). It will be

noticed from the table, which refers to male frogs caught wild

during the year December 5th, 1910-November 7th, 1911, that

when the thumb-pad is thrown off after the breeding season in

March or April, the thumb does not necessarily at once become

perfectly smooth and unpapillated. Small, though quite

marked, colourless papillae may be retained on the pad, which

denote the bases of the old prominent pigmented papillae

present in the breeding season (cf. Text-figs. A and B). It

was not until June, July and August that the majority of male

frogs had quite or nearly smooth pads (Text-fig. C), and

even during these months small papillae were observable in a

certain number of specimens. During September all the

frogs observed had begun to develop the papillae again to a

marked extent, and from this month onward the increase in

size of the papillae was continuous up to the breeding season.

The disappearance of the papillae after the breeding* season

is therefore not a sudden or complete disappearance, but

takes place gradually and at different rates in different

individuals during the summer months. It is perfectly true
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that after the breeding season there is a sadden casting of

the very large black papillae on the pad, but smaller papillae

remain below during the early summer months, and are only

gradually obliterated. It appears, further, that this gradual

obliteration of the small papillae which takes place in the

summer is not due to a reduction of the epidermal cells, but

Text-figs. A, B, and C.

B.

Camera drawings of outline of part of the thumb-pad of normal
male frogs (side view). A. In breeding season. B. After shedding
pigmented pad. C. Quite smooth, as in July and August. X 67.

to an increase of them over the whole pad, with the result

that the spaces between the papillae are filled up and a smooth
surface is thereby formed. This interpretation—viz. that

the obliteration of the remains of the papillm during the

summer is due, not to a reduction, but to an increase of the

epidermal cells—is based on the fact that sections of the
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smooth thumbs in summer (July) show a thickened instead of a

reduced epidermal covering (Pl. 46, fig. 32), the valleys

between the papillae being filled up with epidermal tissue. I

is quite right to argue, therefore, that during the summer?

when the thumbs are becoming smooth and the testes are

actively growing, that the thumb tissue is not undergoing

reduction, but that an actual proliferation of epidermal tissue

is taking place. The fundamental importance of these facts

will be apparent when we come to criticise the experimental

results obtained by Nussbaum (see p. 459, et seq.). 1

The above facts apply to the species B. fusca=temporaria,

with which all the succeeding experiments have been per-

formed. It appears that in B. esculenta the cyclical

changes are not so regular, and it is said that it is impossible

to induce this species to breed or to go through its normal

cycle in captivity.

We will first of all give the results of our experiments in

the transplantation of testes, and we will deal first with the

cases of allo-transplantation, where the testis or testes of a

male were transferred to the peritoneal cavity of a female

frog.

Allo-transplantation of Testes into Female.

Seven successful experiments were performed, which may

be considered in order according to the length of time the

testes remained in the body of the female.

No. 1.—Female frog, with one testis from male frog B.,

implanted September 29th, 1910. Killed November 8th,

1 Although it is customary to speak of the thumb-pad increasing in

size during the winter months before the breeding system, there is

really very great doubt whether the increase in the number and size of

the papillae which occurs then indicates any actual process of growth or

increase in mass at all. There is an increase of the surface area of the

pad owing to the folding involved in the formation of the papillae, but

this does not necessarily mean any actual growth or increase of mass.

Although it is difficult to prove, it appears very probable that the

whole of the actual increase in mass or growth of the thumb-pad really

takes place in the summer months when the pad is smooth.
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1910. Time in body of female, 1J months. Testis found

attached in two places to bladder and ovary; a small vascular

supply was present from capillaries of these organs. Sections

show the presence of a considerable number of blood-vessels

round the edge of the testis. The testis tubules show distinct

signs of degeneration both in the ripe spermatozoa aud in the

spermatogonia lining the tubules, although they are still

present. It has not undergone any marked reduction in size.

There is no increase of fibrous tissue.

No. 2.—Female frog, with one testis from male frog A.,

implanted September 29th, 1910. Killed December 15th,

1910. Time in body of female, less than three months.

Testis enclosed in a fold of peritoneum near the bladder,

vascularised from superior abdominal vein and mesenteric

blood-vessels. A band of fibrous tissue (PI. 43, fig. 1, fi.)
is

conspicuous on the side of attachment of the testis to the

host, which is probably invasive fibrous tissue derived from

the host. There is marked degeneration of the spermatozoa

in the tubules, many of them being broken up into irregular

masses of chromatin, among which some phagocytes can be

recognised which have engulfed the chromatin lumps derived

from spermatozoa. The degeneration of the tubules has

proceeded more rapidly towards the side of attachment than

along the free edge. The majority of the spermatogonia have

disappeared, but traces can still be seen chiefly round the

periphery of the organ.

No. 3.—Female frog, ovaries removed, and two testes

implanted September 30th, 1909. Died March 24th, 1910.

Time in body, six months. Both testes found intact, attached

to peritoneum, with blood supply from ovarian mesentery and

anterior abdominal. In both testes (vide PI. 43, fig. 2) the

tubules are disintegrating, the spermatogonia have all dis-

appeared, and the spermatozoa are broken down into masses

and granules of chromatic material. Among the tubules are

very numerous phagocytes (fig. 3), which appear to be devouring

the chromatin clumps derived from the degenerate spermatozoa.

Iu both testes there is a broad strip of fibrous tissue along
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the side by which attachment to the body of the host was

effected. This fibrous tissue is continuous with strands of

similar tissue ramifying between the testis tubules. It seems

certain that the broad outer band of fibrous tissue is derived

from the host, but the origin of the inner strands is doubtful,

as they may be derived by a growth of the connective tissue

which is normally present between the tubules.

The spermatogonia or germinal cells lining the tubules

have completely disappeared.

No. 4.—Female frog, ovaries removed, and two testes from a

male implanted October 8th, 1909. Killed April 7th, 1910. Time

in body, six months. The two testes found attached to peri-

toneum with blood supply. The one testis is much larger

(fig. 4) than the other (fig. 5). In both the clumps of sperma-

tozoa are degenerate (fig. 6), and there is a great invasion of

fibrous tissue, especially in the smaller testis. In the latter

(
fig- 7

)
the fibrous tissue has invaded the tubules, and

granules of chromatin derived from broken-down spermatozoa

are found lying in the fibrous network.

The spermatogonia have completely disappeared.

No. 5.—Female frog, ovaries removed, two testes from a

male implanted October 10th, 1909. Died May 5th, 1910.

Time in body, 7J months. Testes attached with vascularisation,

one to peritoneum of body-wall, the other to the remains of

the ovary. The microscopic appearance of these testes is

very similar to those of No. 4. The invasion of fibrous tissue

to replace the tubules and the degenerated spermatozoa has

proceeded very far, and again is more advanced in one testis

than in the other. Again, there are no traces of spermatogonia

lining the tubules
;

they have entirely disappeared. The

testes are much reduced in size.

No. 6.—Female frog, with one testis from male frog C,

implanted September 30th, 1910, died August 11th, 1911.

Time in body, 104 months. Testis (fig. 8) has shrunk to a

very small size, about one eighth of its original dimensions.

It was attached to the body-'wall, near the anterior abdominal

vein. The microscopic structure shows that the greatly
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reduced testis now consists almost entirely of fibrous tissue,

among which the scanty remains of the granules derived from

the broken-up spermatozoa can be recognised in places

(fig. 9). Beyond these scattered granules absolutely no

remains of germinal tissue are left, the whole having been

replaced by fibrous scar tissue.

Allo-Transplantation op Testes into Male.

Three successful experiments were performed of this kind,

and the results agree completely with the foregoing, showing

that the destruction of the adult spermatozoa and of the

spermatogonia and their replacement by fibrous tissue, prob-

ably derived from the host, occurs equally when the testes

are transferred to another male as when they are trans-

ferred to a female. Thus

—

No. 7.—Male frog, with one testis from male B, implanted

on September 29th, 1910. Killed on November 6th, 1910.

Time in body 1£ months. This experiment is exactly parallel

to No. 1, in which the other testis from male B was placed

into a female for the same period. The result in this case

was quite similar. The testis was found reattached and vas-

cularised (fig. 10). The spermatozoa, especially in the interior of

the tubes, have undergone considerable degeneration, though

some of the bundles are still intact (fig. 11). The sperma-

togonia have begun to disappear, leaving vacuoles round the

edges of the tubules, but the germinal nuclei can still be

recognised as present in small numbers.

No. 8.—Male frog, with one testis from male A, implanted

on September 29th, 1910. Killed December 15th, 1910.

Time in body 2 b months. This is a parallel experiment to

No. 2, and shows (fig. 12) about the same amount of

degeneration and a considerable increase of fibrous tissue

(cf. fig. 1). Phagocytosis of degenerate spermatozoa is

proceeding. The spermatogonia have almost entirely dis-

appeared, this degeneration having proceeded further than in

No. 2.



448 GEOFFREY SMITH AND EDGAR SCHUSTER. .

No. 9.—Male frog, with one testis from male C, implanted

on September 30th, 1910. Killed September 7th, 1911.

Time in body, 11 J months. This is a parallel experiment to

No. 6, and again shows exactly the same result. The testis

(fig. 13), which was attached to the bladder, consists, as in

experiment No. 6, of a small mass of fibrous tissue enclosing

a small amount of granular chromatic material, derived from

broken-down spermatozoa that have not been completely

absorbed (cf. fig. 8).

Auto-Transplantation of Testes in Male.

Two successful experiments were made, in which both testes

were severed from their connections with the body and left

loose in the peritoneal cavity of the same individual. Thus

as regards vascular supply and connection with the body,

the severed testes were in the same position as in the allo-

transplantation experiments, the only difference being that

they were implanted in the body to which they naturally

belonged, instead of being transferred to another body.

Nevertheless, as the experiments show, their fate is a very

different one.

No. 10.—Male frog, in which both testes were severed from

all connections and left in the peritoneal cavity October 10th,

1909. Killed March 25th, 1910. Time in body 5J months.

Both testes were found reattached to peritoneum of body-

wall, one highly vascularised (fig. 14), the other very

slightly (fig. 15). The highly vascularised testis shows an

enormous infiltration of blood, the blood sinuses (hi. sjp.) sur-

rounding the highly degenerate masses of spermatozoa (fig.

16). There is no phagocytosis to be observed. Round the

edge of the testis are small tubules (figs. 16 and 17) lined

with living spermatogonia of different sizes, which suggest a

recent proliferation of the germiual cells. There is very

little fibrous tissue. In the second testis the one side of the

whole of the centre is composed of fibrous tissue (figs. 15 and

18), a part of which, at any rate, appears to be of a secondarily
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intrusive nature. At the tops, and round the edges in places,

are tubules lined with living and actively proliferating

spermatogonia (PL 45, fig. L9).

No. 11.—Male frog, in which both testes were severed

from all connections and left in the peritoneal cavity

October 4th, 1909. Killed March 30th, 1910. Time in body,

6 months. Both testes were found attached to peritoneum

with very slight vascular supply. One testis (fig. 20) was

much reduced in size, and surrounded by a thick fibrous layer

containing a large amount of pigment. The inner part

consists of fibrous tissue, while round the edge are tubules

containing living spermatogonia (fig. 21). There are no

traces of spermatozoa.

In the other testis (fig. 22), which is much larger, one end

corresponds to the structure of the first testis, being com-

posed of tubules with living spermatogonia and no sperma-

tozoa, but with a considerable intrusion of fibrous tissue. At
the other end are tubules with some spermatogonia and

bunches of spermatozoa in the first stages of disintegration.

In the centre of the testis are tubules with more completely

degenerate spermatozoa and a certain amount of fibrous

tissue. The vascularisation and connection of the testis with

the body is at the upper end, where the spermatozoa have

disappeared, and there is a large amount of fibrous tissue.

Results of Transplantation Experiments given above.

In all cases of allo-transplantation where the testes are

transferred from the body of a male to the peritoneal cavity

of another individual, whether male or female, the same

processes of degeneration, absorption and replacement by

fibrous tissue take place. In ten or eleven months the

original testicular tissue has practically disappeared and

nothing remains but a very small nodule of fibrous scar-

tissue. In all cases the testis placed loose in the peritoneal

cavity becomes reattached and vascularised. Within a

month the ripe spermatozoa present in the tubules begin to



450 GEOFFREY SMITH AJ\TD EDGAR SCHUSTER.

break down into lumps and granules of chromatin which are

attacked by phagocytes. The breaking down of the sperma-

tozoa would appear to take place soonest in the region of

greatest vascularisation. The germinal cells, or spermato-

gonia lining the tubules, begin to be absorbed and to

disappear very rapidly
;
within six months there is no sign

of them left. The gradual replacement of the degenerate

tubules by fibrous tissue appears to take place chiefly by the

ingrowth of invasive connecting tissue from the host at the

region of attachment of the testis to the host's body. It is,

however, impossible to be certain that some of the fibrous

tissue in the centre of the testis is not derived from the

connective tissue of the testis itself.

In the cases of auto-transplantation, where the testes were

simply severed from all their connections and left in the

peritoneal cavity of the animal to which they properly

belonged, a marked difference was observed in that the

spermatogonia, or young germinal cells lining the tubules,

so far from degenerating, remained alive, and after about six

months showed signs of active proliferation. The ripe

spermatozoa, on the other hand, undergo degeneration and

replacement by fibrous tissue. The origin of this fibrous

tissue would appear to be less from the surrounding area

of attachment outside the testis than from the fibrous

connective-tissue of the testis itself.

We may compare these results with those obtained by other

authors, especially by Foa (5) and Herlitzka (6), who both

worked with Amphibia.

Foa found that in frogs, testes auto-transplanted below

the skin in the Ivmph-sac do not adhere, but that when
placed in the abdominal cavity they always reattached them-

selves, and became vascularised. All his experiments were

apparently done as auto-transplantations, and did not last

more than a month. He observed the partial substitution of

fibrous for testicular tissue, but he makes no observations on

the survival of the spermatogonia. His chief point is to

prove the degeneration and disappearance of the ripe



STUDIES IN THE EXPERIMENTAL ANALYSIS OF SEX. 451

spermatozoa, in opposition to the earlier and very incomplete

experiments of Mantegazza.

Herlitzka, using Tritons, transplanted tlie testes from one

animal into the abdominal cavity of another, and his experi-

ments lasted two months. At the end of this time he states

that in both males and females the alio-transplanted testes

were nearly completely replaced by fibrous tissue, which he

believes to have been derived entirely from the host. He
apparently did not make any auto-transplantations, so that

though his results agree with our own, they do not throw any

light upon the survival or destruction of the spermatogonia

in the two cases.

C. R. Stockard
(
11

)
has recently made some experiments

in which he transplanted the ovaries of guinea-pigs and

salamanders onto various organs, e.g. the testis and liver

of the male. He states that the ovaries when transplanted

on to the testes “ lived ” better than on the liver. After

forty-one days he finds no degeneration either of* eggs or

stroma or young follicles, but after seven months the ova

cells can no longer be distinguished, the entire transplanted

piece being now of the stroma type. From the figures given

we can only conclude that there was a complete destruction

of the germinal part of the allo-transplanted ovary and its

replacement by connective-tissue stroma, a conclusion which

Stockard himself does not seem to draw.

We may give a short summary of other work upon the

transplantation of gonads in other branches of the Verte-

brata.

Successful auto-transplantation of ovaries in the rabbit has

been claimed by Knauer, Ribbert
(
4 ), Grigorieff, Rubinstein,

and Halban, and all these authors claim that the presence of

the auto-transplanted ovary stops the atrophy of the uterus.

Hunter and Berthold and Foges (7), for the cock, state

that pieces of testis can be successfully auto-transplanted,

and that the presence of such grafts in an abnormal situation

may permit the development of the male secondary sexual

characters, although the testes have been otherwise removed.
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This has been fully confirmed by Shattock and Seligmann
(
8 ),

who affirm the continued life of the germinal tissue.

According to Foges (7) the allo-transplantation of testes or

pieces of testis from one animal into another invariably fails,,

the graft being absorbed.

BibberFs observations led him to conclude that in the

case of the thyroid auto-transplantation was successful, but

allo-transplantation always ended in absorption. In his

experiments with the auto-transplanted ovaries of guinea-

pigs the ripe follicles discharged and atrophied, and after

about fifty days new follicles grew and came to maturity

with normal corpora lutea formation.

On the other hand, his auto-transplantations of guinea-pigv

testes were failures, complete degeneration setting in after

twelve days, the epididymis nlone remaining normal.

Marshall and Joly (9) carried out a series of auto- and

allo-transplantations of the ovaries of rats, and their results

show that the auto-transplanted grafts survived far better

than the allo-transplantations; indeed, the disappearance of

the germinal tissue in the latter cases seems to have been

invariable. The allo-transplantations seem to have been

more successful when performed upon closely related females.

On the whole, the above evidence strongly supports the

fundamentally different results obtained in the case of auto-

and allo-transplantation, in the former case the young

germinal tissue surviving, in the latter being destroyed and

absorbed.

We find it difficult to harmonise these and our own results

with the experiments of Guthrie (12), in which he performed

ovariotomy on hens, and grafted the ovaries of another breed

into the operated hens. He claims that the allo-transplanted

ovaries became functional and produced fertile eggs and

chicks, which partook of the characters of the hen to which

the ovary originally belonged. There are, however, two

possibilities here. The complete removal of the ovary from

a hen is a notoriously difficult operation, as the germinal

tissue is closely adherent to the walls of the inferior vena
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cava. It is quite possible, therefore, that the fertile eggs

produced by the operated lien were derived from the

remains of the ovary, which had not been completely

removed, and not from the ingrafted ovary. The fact that

the chicks exhibited coloration characters similar to the bird

from which the ingrafted ovary was obtained may possibly

have been due to the male or female used in the experiment

belonging to an impure strain of whites, which normally

threw chicks with black coloration. Another possibility is

that the ingrafted ovary contained some nearly ripe follicles

which actually did come to maturity and gave rise to the

fertilised eggs, but that the ovary subsequently degenerated .

1

Setting aside this experiment, the remarkable difference in

the fate of transplanted gonads according as they are trans-

ferred to another animal or left in the body of the same

animal may be considered further in its theoretical bearings.

In both cases we have found that the mature, fully formed

spermatozoa undergo destruction. The cause of this destruc-

tion seems to be connected with the abnormal vascularisation

of the testis from a source other than the normal one. It

would seem to indicate either that the ripe spermatozoa in

the testis are not merely passively stored there, but that they

require special substances in the nature of food-materials or

oxygen, which they do not obtain from the abnormal vascular

supply, or else that the abnormal vascularisation brings in

blood with properties toxic to the spermatozoa. The latter

explanation appears more reasonable from the following con-

siderations. One of us has repeatedly observed in the case of

the serum of a great number of animals (frogs, birds, and

mammals) that the normal serum of an animal agglutinates

and dissolves the spermatozoa derived from the same animal.

1 Since the above was written, Davenport (' Journal of Morphology,’

vol. xxii. No. 1, p. 111. 1911) has repeated Guthrie’s experiments and
finds that the engrafted ovary always degenerates, thus supporting the

interpretation given above. We have not dealt here with the question

of transplantation of gonads in Invertebrates, where the chance of

success with allo-transplantations appears to be much greater (see the

important papers of Meisenheimer, and more recently, Kopec [14]).
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This process is exceedingly rapid in the case of the cock, less

rapid in the rabbit, and comparatively slow in the frog.

Now, if we suppose that the presence of the testis in an

abnormal situation leads to inflammation and a rich vasculari-

sation uncontrolled by the normal nervous supply, we can

understand how the spermatozoa, even in an auto-transplanted

testis, come to be damaged and destroyed, and the process,

once begun, would continue with increasing magnitude as the

presence of damaged spermatozoa with their debris led to

further inflammation. The survival of the spermatogunia in

the auto-transplanted testes and their destruction in the allo-

transplantations indicate that the blood and body fluids of

an individual are less toxic to its own embryonic cells than

the blood of another individual, and also less toxic to its own
spermatogonia than to its own fully formed spermatozoa.

The Effects of Ovariotomy, Castration, Transplantation,

ETC., ON THE PROPERTIES OF THE THUMB-PAD.

We will, first of all, give the experiments on females which

were designed to test whether the removal of the ovaries,

with or without transplantation of testes or injection of testis

extract, caused the thumb to swell or become rough and

pigmented. Certain of the frogs used have already been

referred to in preceding experiments, and they are referred

to by the same numbers.

INo. 3.—Female frog, ovaries removed and two testes

implanted September 30th, 1909. February 10th, 1910.

Testes pieces inserted in dorsal lymph-sac.

March 3rd, 1910. Injected 1 c.c. testis extract.

March 6th, 1910. Ditto.

March 10th, 1910. Ditto.

March 14th, 1910. Ditto.

March 18th, 1910. Ditto.

The injections were made with sterile saline into the dorsal

lymph sac; altogether the substance of twenty-three testes

was injected.
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The animal died on March 24th, 1910. Dissection showed

that the ovaries had been nearly completely extirpated, with

the exception of a few large ova and a few follicles. No
regeneration of the ovaries had taken place. The thumb

throughout the experiment remained unaltered.

No. 6.—Female frog, ovaries removed and two testes trans-

planted November 2nd, 1909. It was injected on March 3rd,

6th, and 10th with the substance of fifteen testes altogether.

It remained healthy for two months after this, but died on

May 25th, 1910. Dissection showed that the ovaries were

completely gone, except two minute fragments which had

not regenerated.

Throughout the experiment the thumb remained absolutely

unchanged.

These two experiments may be taken as typical, since in

none of the experiments on female frogs did any treatment

result in any alteration of the thumbs to the male condition.

We may now turn to the effects of castration upon male

frogs.

The effect of complete castration, both testes being

removed, differs according to the time of year at which the

operation is performed. If the frog is castrated during the

breeding season the pads are very soon shed, and great

difficulty maybe found in keeping the animals alive. Thus

—

No. 12.—Male frog, weighing 19 grm., with thumb-pads

fully developed and pigmented, had both testes removed on

March 5th, 1910.

On March 24th the external surface of the pads was com-

pletely shed and the surface was pale and comparatively

smooth, though unpigtnented papillae of considerable size

were still present on the pads.

No. 13.—Male frog, weighing 20 grm., with thumb-pads

fully developed and pigmented, had both testes removed on

March 5th, 1910. On March 25th the external layers of both

pads were completely shed, and the surface was pale, and

only showed comparatively small papillae. The animal died

on April 7th.
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If castration is performed in the summer months, May to

July, when the thumb-pads are normally small, compara-

tively smooth and uupigrnented, the thumb-pads remain in

this condition and do not develop the swolleu glands or

prominent papillae the following autumn or winter. Thus

—

No. 14.—Male frog, had both testes removed July 16th,

1909. At this time the thumb was smooth and unpigmented

(fig. 23). It remained in this condition without any alteration

until April 23rd, 1910, when it died.

If castration is performed during the autumn or winter

months, when the thumb has begun to acquire its marked
papillae, glands, and pigmentation, the act of castration

does not cause any disappearance of the papillae or

Text-fig. D

Camera drawing of outline of part of thumb-pad of male frog. No. 15,

5| months after complete castration.

glands, but they remain in the condition in which
they were when castration was effected for an

apparently indefinite period. Thus

—

No. 15.—Male frog, with moderately rougli and swollen

pads, was castrated on September 29th, 1910. Observations

were made on this frog for a considerable time, but it was

impossible to tell from inspection whether the pads decreased

in size, or the papillae were reduced. The animal was killed

on March 9tli, 1911, i.e. after a period of 5^ months,

and drawings of part of the thumb-pad in a whole preparation

(Text- fig. D) and of sections (fig. 24) are given. Marked
papillae are present, and a certain amount of pigment. The

glands are swollen aud well developed ; in fact, the whole

pad is in a condition normal for a September frog. There is
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no evidence that the pad has undergone any reduction, either

in glands or papillae, since September when castration was

performed.

No. 16.—Male frog, with moderately rough, swollen and

pigmented pads, was castrated on October 11th, 1910. No
obvious change took place in the thumb, and the animal was

killed on February 19th, 1911, i. e. after a period of four

months. Sections (fig. 25) of the pad show very much the

same condition as in No. 15; there is no evidence of the pad

returning to the smooth reduced condition of the summer frog*.

The effects of castration, therefore, are to make the thumb
remain in much the same condition as it was when castration

was effected, except in the case of the breeding spring-frog,

when castration is followed by a rapid shedding of the pads.

We have now to follow the effects which ensue when a

male frog is castrated and testes are inplanted into it, or the

animal is injected with testis extract. Some of the animals

used in this experiment have been previously described under

the transplantation experiments.

No. 11.—Male frog, in which testes were severed and left m
the abdominal cavity on October 4th, 1909. The thumb-pads
at the time were somewhat pigmented, swollen, and covered

with small papillas, and while the frog was under observation

the thumb-pads certainly did not shrink or become smoother
or paler, and it was thought, though without much certainty,

that these characters slightly increased. On February 10th,

1910, two testes from another frog were cut into pieces and
inserted into the dorsal lymph-sac. On March 30th, 1 910, the

animal, being in good health and active, was killed, the

severed and inserted testes were examined by microscopic

sections, and the thumb-pads were also sectioned. The pieces

of testis in the dorsal lymph-sac were undergoing disintegra-

tion and phagocytosis; the severed testes showed living

spermatogonia, but disappearance of spermatozoa and
replacement by fibrous tissue. The thumb* (fig. 26) was in

the condition of a normal autumnal frog, and there was no
evidence that it had changed during the experiment.
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No. 17.—Male frog, testes removed October 2nd, 1909.

At this time the thumb-pads were rather small, slightly

pigmented and rough, but not in so marked a degree as in

No. 11.

On February 10th, 1910, two testes were cut up and

inserted into dorsal lymph-sac. On March 3rd, 6th, 10th,

14th and 18th the animal was injected with testis extract,

receiving in this time the substance of twenty-three testes.

The animal was killed on March 24th, 1910, being at the

time in good health, and the thumb sectioned. The sections

(fig. 27) show a condition of the thumb similar to that of a

not very advanced autumn frog, and there is no evidence that

the pad has undergone any increase in roughness, gland

formation, or pigmentation since October, when it was

castrated. Everything is consistent with the view that it has

simply remained in the same condition without decreasing or

increasing. The following two experiments were designed to

test more accurately if injection of testis extract had any

effect on the thumb. Unfortunately the animals died soon

after the experiment was complete, so that some objection

may be raised on the ground that the animals were not in

good health.

No. 18.—Male frog, completely castrated on October 11th,

1910.

On October 20th, 1910, a piece of one of the thumb-pads

was cut off and sectioned (fig. 28). It shows well-developed

papillae and glands. The frog was then injected on October

20th, 22nd, 25th, 27th, November 1st and 3rd with the

substance of twelve fresh testes.

The pads during the injection showed no visible change.

On November 6th the animal died, and sections of the

uninjured pad (fig. 29) showed no increase in papillae, but an

actual decrease in the size of the glands, probably owing to

the ill-health of the animal.

No. 19.—Male frog, completely castrated on October lltli,

1910.

On October 20th, 1910, a piece of one of the thumb-pads
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was cut off and sectioned (fig. 30). It shows well-developed

papillae and glands.

On October 20th, 22nd, 25th, 27tli, and November 1st, 3rd,

8th and lltli the animal was injected with the substance of

sixteen fresh testes.

At no time did the thumb appear to undergo any change.

The animal died on November 16th, and sections (fig. 31)

of the uninjured pad showed if anything a slight reduction

of the papillae owing to peeling of the superficial layers of

skin. The glands, however, are very well developed—if any-

thing, better than in the pad before the injections.

Results op Experiments on Thumb-pad.

The results of the above experiments show, firstly, that no

amount of experimental treatment, such as ovariotomy,

implantation of testes, injection of testis extract, has the

slightest effect in making the female assume any of the male

characters of the thumb. Castration in the male, we find,

causes the thumb to be arrested in its development at the

stage at which it was when castration was performed
;

it does

not cause any immediate regression to the smooth condition

even after a period of six months. This, however, only

applies to autumn and winter frogs; breeding frogs in the

spring, when castrated, very quickly cast off the external

pigmented layers of the pads, though colourless papillas of

considerable size still remain on the pads.

The results we have obtained from implanting* testes or

injecting testis extract into castrated frogs have given wholly

negative results, the thumb remaining in the state in which

it was at castration.

We cannot pretend that our experiments on this head are

complete, but they give us solid ground for criticising the

conclusions which Nussbauin (1) and, later, Meisenheitner (13)

have drawn from similar experiments, and our experience

both with normal and experimental frogs makes us very

sceptical as to the validity of the results claimed by these



460 .GEOFFREY SMITH AN1) EDGAR SCHUSTER. \

authors. In the first place, it is not possible to make reliable

observations on the condition of the thumb-pad in the living

frog by the mere inspection or feel of the pad without

examining it carefully under the microscope. By mere

inspection or feel of the pad an observer may consider the

pad to be nearly smooth, when in reality papillae of a fair

size may be present. Then, later, at the close, perhaps, of

an experiment, the pad may be examined under a lens or

microscope, and the presence of the papillae will probably be

put down to the experimental treatment. Every grada-

tion exists in the thumb-pads of male frogs at various

periods, between the quite smooth and the exceedingly rough

papillated condition of the breeding season, and the deter-

mination as to whether there has been an increase in papillation

or pigment during the course of an experiment depends upon

quantitative comparisons, which are difficult to make, and

unless the state of the pad at the beginning of the experiment

is very carefully determined, the end result of the experiment

may be interpreted in a misleading manner. That the experi-

ments of Nussbaumand Meisenheimer are unfortunately open

to these objections is forced upon us by two principal facts :

firstly, the changes which take place in the thumbs of the

normal males have apparently not been quite correctly

observed by these authors; and secondly, their belief that

castration has the effect of causing a rapid reduction aud

disappearance of the papillae is contradicted by our results.

In the case of normal frogs (see Table, p. 468) we find that

there is considerable variation in the development of the

papillae in different frogs at the same time of year, but a still

more important fact is that in spring, after the breeding

season is over and the external layers of the pad are thrown

off, the thumb-pad does not at once return to a perfectly

smooth condition, but remains papillated to about the same

extent as a September or October frog. The attainment of

the smooth condition is a gradual process, and is not com-

pleted until the late summer in the great majority of frogs.

In the case of frogs castrated in autumn, when the papillae
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have again begun to develop, we do not find that the papillae

are reduced as the result of castration, but that six months

after castration the papilias are in much the same condition

as they were when castration was performed. Now, if we

consider Nussbauin’s and Meisenheimer’s experiments in the

light of these facts, also in the light of the entirely negative

results obtained by us as the result of transplantation and

injection of testis pieces or extract, we find that there is

grave reason to doubt whether the positive results claimed

by these authors are really conclusive.

Taking Nussbaum’s experiments first, we may note that he

is of opinion that castration may lead to a reduction in size of

the papillae, though this result, which is at variance with our

own, is apparently obtained from mere inspection of the

thumb at the beginning* of the experiment, while at the close

figures are given of microscopical preparations.

In two cases definitely positive results are claimed as the

result of injecting castrated frogs with testis extract or of

implanting pieces of testis in the dorsal lymph-sac.

In one case the frog was castrated on June 18th, when the

pads are said to have been small and without papillae. No
drawing is given of the state of the pad at this time, and we

suppose that the statement that the pad was without papillae is

based on inspection and not a careful examination under the

microscope. In the other experiment the frog was castrated

on May 26th, and a similar statement is made as to the state

of the pad, but no drawings are given. During September

and October both frogs were injected with testis extract or

had pieces of testis implanted in them, and it is stated that the

roughness on the thumb developed increasingly. As a proof

that the growth of the papillae is the result of testis injection,

Nussbaum gives several figures, but in none of them is the

condition of the pad before the experiment depicted, com-

parisons being instituted merely between the condition of the

pad at the close of the experiment and that of a pad belonging

to some other frog differently treated. Now without wish-

ing to throw the least doubt on the good faith of these

VOL. 57, PART 4. NEW SERIES. 34
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observations, we hold them to be insufficient, because there is

no real evidence produced, apart from the mere inspection of

the thumb at different times during the experiment, to show
that small papillae of the size of those shown in Nussbaum’s
figures, depicting the condition at the end of the experiment,

were not present at the beginning of the experiment as well.

We hold that the mere inspection of the thumb and a state-

ment of the impression of the observer as to its state of

papillation is not sufficient to prove a quantitative alteration

in the degree of papillation such as is claimed in the

experiments before us. The frogs were castrated in May and

•June, and it is stated that the pads were smooth. In our

Table for normal frogs during May and June, half of the

individuals had thumb-pads which on mere inspection might

be described as smooth, but which on examination under the

microscope revealed the presence of definite papillae.

If such frogs were castrated there is nothing to show that

the papillae would disappear, as our evidence on castrated

frogs goes to show that when frogs are castrated the thumb-

pads remain in statu quo as regards the development of

papillae. Then on examining them in the following autumn

a careful examination of the whole thumb, or of sections,

would reveal the presence of papillae, as in the case of

Nussbaum’s frogs, which were treated with testis injection

and implantations.

hfow let us turn to Meisenheimer’s more recent observa-

tions. This author claims to have confirmed Nussbaunds

results, but he has added to them in a remarkable manner,

because he believes that he has induced the development of

papillae on the thumb-pad, not only by the implantation of

testis-pieces, but also by the implantation of pieces of

ovary. This truly amazing result is based on a number of

experiments which appear to us quite unconvincing. Meisen-

heimer castrated his frogs in autumn or winter (September

or January), and he states that the result of the opera-

tion “ war eine sehr prompte, sie bestand in Uollen

Ubereinstimmung mit Nussbaunds Ergebnissen in einer
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nahern volligen Reduktion der Daumenschwiele.” This

result, which is quite insufficiently supported by Nussbaum’s

experiments, is altogether at variance with our experiments

Nos. 15 and 16, in which frogs were castrated in autumn, and

after 51 and 4 months respectively showed no reduction of

the thumb-pads, while sections revealed the presence of marked

papillae (see figs. 28, 29). Meisenlieimer gives drawings of

the thumb of a male which had been castrated in September,

1909, and killed in October, 1910, but the drawing only refers

to the thumb in October, 1910, and shows as a matter of

fact the presence of small papillae a year after castration,

but no drawing is given of the same frog’s thumb in

September, 1909, to prove that the papillae were really any

larger then and that they had undergone reduction as the

result of castration.

The same objection applies to the other experiments,

and we are entirely unconvinced, especially when we take

into consideration the results of our own experiments, that

the result of castration in autumn or winter is to induce the

complete reduction of the pad and its papillae. This being

the case, Meisenheimer’s other results, namely, that in frogs

castrated in autumn or winter the re-development of the

thumb with its papillae may be induced to some extent by the

implantation of testes or ovaries, entirely fall to the ground.

This supposed re-development of the papillae is never, accord-

ing to Meisenheimer, a complete one, and since no satis-

factory evidence is produced to show that the papillae ever

disappeared as the result of castration, the presence of

moderately developed papillae in the castrated frogs when
killed, after treatment with testes or ovaries, in the following

autumn, may equally well be interpreted as the persistence of

the original papillae, as of the re-development of new papillae

under the influence of the testicular or ovarian transplan-

tations.

It is interesting to observe that the figures given by
Meisenheimer to support his contention fit in with our inter-

pretation equally well as with his own.
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Thus, in his figure 3, referring to a frog castrated in

.January, 1910, implanted with testes “ in autumn/’ and

killed on October 21st, 1910, the thumb is in the state of a

normal January frog. In Fig. 4, referring to a frog

castrated in September, 1909, implanted with ovaries “ in

autumn/’ and killed on October 21st, 1910, the papillae on

the thumb are far less developed than in fig. 3, and are in

about the condition of a normal frog during September.
This difference is attributed by Meisenheimer to the less

effective action of the implanted ovaries compared to the

testes, but according to our interpretation it is simply due to

the fact that the frog referred to in fig. 3 was castrated in

January, when the papillae were comparatively well de-

veloped, while that referred to in fig. 4 was castrated in

September, when the papillae were less well developed. It is

true that fig. 5, referring to a male castrated in January, is

in an intermediate condition between figs. 3 and 4, but we
know that the individual variability in the times and degrees

of development of the papillae in normal frogs is very great.

Therefore, without fostering any preconceived hostility to the

theoretical interpretations of these authors, or without in any

way casting a doubt on their perfect good faith, we are

utterly unable to regard the conclusions they draw from their

experiments as in the least degree convincing. Any active

influence on the thumb, either of testis injections or the

implantation of pieces of testis or ovary, is according to our

view entirely unproven.

The fundamental point in which these authors appear to

have been mistaken is in supposing that the castration has

the effect of always reducing the papillae present on the

thumb, and of causing them to disappear. The effect of

castration, except actually during the breeding season, is to

make the papillae on the thumb-pads remain essentially in the

condition in which they were at the time of castration. The

presence of functional testicular tissue is necessary for the

normal cycle of changes in the thumb-pad, and an

essential part of this normal cycle is the acquisition of the
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absolutely smooth unpapillated condition of the summer frog.

It is entirely unfounded to regard this smooth condition as

the reduced phase to which thumbs are reduced as the result

of castration ;
rather must it be regarded as an active phase

brought about by the proliferation of the epidermis between

the papillae, which causes the depressions to be filled up and

the papillae to disappear. It is surely not without significance

that this acquisition of the smooth thickened epidermis on the

thumb coincides with the period of the greatest activity of

the testes, when they are attaining their full size and are

engaged in the maturation of the genital products (see Table,

p. 468). The conclusion which we draw from the whole series

of experiments, including our own and those of other authors,

is that the cycle of changes in the thumb of the male frog is

conditioned by the presence of testicular tissue in a normal

functional condition, but that it has hitherto proved impossible

to replace the action of the normal testicular tissue by means

of the injection of testis-extracts, or by the implantation of

testes or pieces of testis from other frogs. The fate of such

introduced tissues is invariably degeneration, destruction and

absorption, or replacement by fibrous tissue, and there is no

experimental evidence, according to our view, to justify the

conclusion that the introduced testicular matter, while it is

being broken up and absorbed, gives rise to any substance

which influences the secondary sexual characters in the same

way as the presence of the normal, living testicular tissue of

the individual itself.

The deduction, therefore, which has been widely based on

Nussbaum's experiments, that the testis of the frog contains

an internal secretion, which, on being circulated in the blood,

calls forth the development of the secondary sexual cha-

racters, either with or without the mediation of the nervous

system, is without experimental foundation.

The fact that the developmental cycle of the thumb
depends for its normal course on the presence of normal

living testicular tissue can be equally well explained on the

theory that the testicular cells enter into a chain of metabolic
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processes in the body, which do not pursue their normal

course in the absence of the testicular cells. This disturb-

ance of the normal metabolic processes of the body, resulting

in the failure of the metabolic organs of the body to give rise

to their normal products in normal quantities, may have the

result of inhibiting the further development of the secondary

sexual characters. The development of these latter cha-

racters may depend, therefore, not directly on the action of an

internal secretion or liormoue derived from the gonad, but

on the elaboration of other products in other organs of the

body in their due proportion. These substances may be

tentatively called “ sexual formative substances,” but we have

no reason for supposing that they are entirely devoted to

sexual or reproductive purposes, and that they take no part

in the ordinary metabolic processes of the body. In the case

of the female individual in birds and Crustacea, reason has

been shown in preceding studies for associating the develop-

ment of certain female secondary sexual characters with the

elaboration and transportation of large quantities of fatty

material. In the case of the male we do not know what the

nature of the corresponding material may be, but it is an

obvious suggestion that it is some substance capable of being

worked up into chromatic or nucleo-proteid material, and

giving rise to cellular proliferation, as opposed to the storing

of reserve stuffs, such as fat. The exact mode in which the

gonad conditions in certain cases the production of these

formative substances in the required proportions is not

known. The idea that the gonad acts upon the other organs

of the body by means of an internal secretion which it gives

to the blood is really based on the analogy of other organs of

internal secretion, such as the thyroid, pancreas, etc., but we
claim that there is no experimental basis for the idea, apart

from analogy. The gonad may equally well exert its action

by taking up some substance or substances from the blood,

thus altering the composition of the blood, and perhaps stimu-

lating the continued production of these substances in some

other organ of the body. This explanation was the basal idea
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given to account for the action of Sacculina on crabs, and for

the dependence of the comb-growth of hens on reproductive

activity, and it accords with our results, on male frogs at least,

equally as well as the theory of internal secretion.

Summary.

(1) The cyclical changes in the testes and thumb of male

frogs are described. It is found that after the breeding

season, although the outer papillated layers of the thumb-

pads are thrown off, yet the pads do not immediately become

smooth, papillae of considerable size being present in the

early summer months. The assumption of the perfectly

smooth condition takes place gradually during the summer,

and is due, not to a process of reduction, but to a prolifera-

tion of the epidermis which fills in the valleys between the

papilla.

(2) Transplantation of testes into other individuals, whether

male or female (allo-transplantation), leads to the breaking-up

and degeneration of the ripe spermatozoa and the testicular

tissue, and its replacement by fibrous tissue, the greater part

of which is derived from the host and invades the degenerate

testis from the place of attachment to the host’s body.

Testes transplanted into the peritoneal cavity of another

individual always become attached to the peritoneal lining

and rapidly vascularised. Phagocytosis plays an important

part in the absorption of the degenerate spermatozoa.

(3) When the testes are simply severed from their con-

nections in the body and left unattached in the peritoneal

cavity of the same individual (auto-transplantation), they

soon acquire new attachments and vascularisation. The ripe

spermatozoa rapidly degenerate and are finally replaced by

fibrous tissue, partly, at any rate, derived from the testis itself,

but the spermatogonia of the peripheral tubules survive, and

proliferate in an active manner. This survival of the

germinal cells in the case of auto-transplantation never occurs

in allo-transplantation.



Reproductive Cycle in Normal Male Frogs.

Speci-
men. Time of year.

Weight in
yr.

Condition of thumb. 1 Condition of testes,
j

g- 1 April 18tli About 22 Pigmented pad of'

breeding-season has
been shed, but

marked colourless

papillte are present,

giving pad a rough
texture.

Sperm has been
shed, testis is 1

small. Only
spermatogonia
present, and 1

remains of sup-
J

porting cells.

g- 2 Ditto About 20
j

Pads quite smooth,
no papillae to be

observed.

:

h. 1 May 9th About 20 Practically smooth,
a trace of papillae

!

which hardly project
above genera l surface.

Ditto.

:
h. 2 Ditto About 18 Papillae well marked,

nearly as in g. 1.

j. 1 June 20th 27o Papillae fairly well

marked, not so large

as in g. 1 or h. 2.

Testis increased >

in size
;
marked

j

formation of

j. 2 2 L Practically smooth. masses of

j 3 16 Slight papillation. spermatocysts.

j. 4 14 Smooth.
j- 5 10 „
k. 1 July lltli 24 Active multi-

i

k. 2
9

22 plication of

: k. 3
k. 4

14
7 5

;

spermatocysts.

1. 1 Aug. 1st 16*5 Smooth
;
marked

increase in glands.

Spermato-
genesis in full

1 1. 2
,

155 Very slight papillae. process. Sper-
1. 3

,
125 99 matids present

. 1. 4 8-5 Smooth. in places. Testes
1. 5 1} 4 very large.

m. 1 Aug. 22nd I 21 Very slight papillae. Spermatids and

!

!

m - 2 26 Papillae marked. ripe sperma- 1

m. 3
,

19 Smooth. tozoa in many
1 m. 4

[

m. 5
” 17

15 Very slight papillae.

tubules.

1 m. 6 105 Smooth.
n. 1 Sept. 19th 25 Papillae well marked. All tubules full

n. 2 1
I 22-5 Papillae highly

marked.
of fully formed
spermatozoa.

n. 3
,

20 Papillae marked. Absence ofany
n. 4 16 Papillae highly

marked.
other stages,

except
n. 5 125 Papillae marked. spermatogonia

|

n. 6 9 lining tubules.

Spermato-
genesis definite-

ly finished.

o.-u. Oct.-March Continued increase of

papillae up to breed-
ing period.

Testes remain
unaltered,

until shedding
of sperm.
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(4) Ovariotomy, with or without subsequent implantation

of testes or injection of testis-extract, has no effect in

making the thumb of the female assume any male characters.

(5) Castration in the male, except during the breeding

season, does not have any marked effect in reducing the

papillation of the thumb, the papillae in a castrated frog

remaining for a long period (at any rate, four to five months,

and probably much longer) in the same condition as they

were at castration. Castration during the breeding season is

followed by a rapid throwing-off of the outer papillated

layers of the thumb-pads.

(6) Implantation of testis-pieces or of whole testes, or the

injection of testis-extract, has an entirely negative effect on

the thumb of castrated frogs, and does not cause any appre-

ciable increase of the papillse.

(7) The positive results claimed by Nussbaum and

Meisenheimer, as following the treatment of castrated frogs

by the above and similar means, are criticised and shown to

be altogether unproved. There is, therefore, no evidence

that the testes of the frog contain an internal secretion which,

on being injected into a castrated frog, calls forth the increase

of the papillge on the thumb.
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EXPLANATION OP PLATES 43-40,

Illustrating the paper by Mr. Geoffrey Smith and Mr. Edgar

Schuster on “ Studies in the Experimental Analysis of Sex/’

PLATE 43.

Fig. 1.—Experiment No. 2. Section through testis. X 21. bl. Blood

vessels, fi. Band of fibrous tissue, tu. Degenerating tubules.

Fig. 2.—Experiment No. 3. Section through testis. X 21.

Fig. 3.—Experiment No. 3. Small portion of testis. X 545.

pliag. Phagocytes. sp. Spermatozoa appearing to break up into

chromatin granules.

Fig. 4.—Experiment No. 4. Section through testis No. 1. X 21.

Fig. 5.—Experiment No. 4. Section through testis No. 2. X 21.

fi. Fibrous tissue seen to have invaded the tubules and replaced remains

of spermatozoa, pi. pigment.

Fig. 6.—Experiment No. 4. Testis No. 2, a portion, X 199, showing

degenerating tubules.

Fig. 7.—Experiment No. 4. Testis No. 1, a portion. X 250. fibv

Fibrous tissue indicating the walls of tubules. fib.2 . Fibrous tissue

which has grown into the tubules, and has replaced, or is replacing, the

remains of spermatozoa {sp.).

Fig. 8.—Experiment No. 6. Section through testis and the tissue to

which it is attached, x 21. tu. The remains of two tubules, pi. Pigment.

Fig. 9.—Experiment No. 6. Small portion of testis. X 250. Showing

part of the remains of one tubule and surrounding tissue.

PLATE 44.

Fig. 10.—Experiment No. 7. Section through testis. X 21. bl. Blood-

vessels. tubv Tubules showing incipient stages of degeneration, tub.,.

Tubules showing later stages of degeneration, fi. Fibrous band.

Fig. 11.—Experiment No. 7. Tubules showing incipient stages of

degeneration, x 199.
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Fig. 12.—Experiment No. 8. Section through testis. X 21.

bl. Blood-vessels.

Fig. 13.—Experiment No. 9. Section through testis. X 21.

Fig. 14.—Experiment No. 10. Section through testis No. 1. x 21.

bl. sp. Large blood-spaces, occupying more than half the area of the

section, tub.dg. Degenerating tubules, tub. rg. Regenerating tubules.

Fig. 15.—Experiment No. 10. Section through testis No. 2. x 21.

fib. Central mass of fibrous tissue, tub. rg. Tubules lined with living

and proliferating spermatogonia.

Fig. 16.—Experiment No. 10. Part of testis No. 1. X 199. Showing

blood-spaces (bl. sp.), degenerating (tub. dg.) and regenerating tubules

(tub. rg.).

Fig. 17.—Experiment No. 10. Small regenerating tubule from testis

No. 1. x 545.

Fig. 18.—Experiment No. 10. Part of central fibrous portion of

testis No. 2. x 545.

PLATE 45.

Fig. 19.—Experiment No. 10. Testis No. 2. Tubule from the end of

testis lined with actively proliferating cells, x 545.

Fig. 20.—Experiment No. 11. Testis No. 1. X 21. fibv Fibrous

surrounding layer containing large quantity of pigment (pi.), fib.,.

Central fibrous portion, tub. Regenerating tubules.

Fig. 21. —Experiment No. 11. Testis No. 1. A portion from near

the periphery. X 250. Lettering as above.

Fig. 22.—Experiment No. 11. Testis No. 2. x 21. bl. Blood-

vessel. tub. reg. Regenerating tubules, tub. dg. Degenerating tubules.

PLATE 46.

Sections of thumb-pads. X 67.

ep. Epidermis, gl. Glands, pi. Pigment.

Fig. 23.—Experiment No. 14.

Fig. 24.—Experiment No. 15.

F'ig. 25.—Experiment No. 16.

Fig. 26.—Experiment No. 11.

Fig. 27.—Experiment No. 17.

Fig. 28.—Experiment No. 18 on October 20th, 1910.

Fig. 29.—Experiment No. 18 on November 6th, 1910.

Fig. 30.—Experiment No. 19 on October 20th, 1910.

Fig. 31.—Experiment No. 19 on November 16th, 1910.

Fig. 32 .—Normal frog (l.) killed in August.
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